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Abstract

The most important parasites in farmed red deer are Dictyocaulus eckerti and
gastrointestinal nematodes (GIN). The overall aim of these studies was to develop an
understanding about GIN parasites in red deer, including their pathogenicity, diagnosis,
control and the risk of cross-infection with -cattle/sheep. To understand the
pathogenicity of GIN, young deer were trickle infected with a mixed culture of deer-
origin infective larvae (L3). The infection comprised 40% Ostertagia-type and 53%
Oesophagostomum spp. L3. As a result of the high proportion of Oesophagostomum
spp. L3, the animals were clinically affected with large intestinal lesions and it was not
possible to investigate the effect of Ostertagia-type parasites. Oesophagostomum sikae
was recognised in New Zealand for the first time in this study. A national survey of the
prevalence of different GIN in deer utilised PCR-based methodology. From each of 59
deer farms around New Zealand faeces from an average of 19 deer/farm were cultured
and 24 infective larvae were randomly selected and identified. The order of prevalence
from high to low was Oesophagostomum. venulosum > Spiculopteragia asymmetrica >
S. spiculoptera > Ostertagia leptospicularis. This illustrated the importance of abomasal
nematodes in the subfamily Ostertaginae. A study was conducted to determine the
ability of sheep GIN to establish in deer. The highest establishment rates were
Haemonchus contortus (10.5%), Trichostrongylus axei (12.2%) and O. venulosum
(5.8%). However, these were all lower than in sheep. The effectiveness of cross-
grazing system between deer and sheep (DS) or cattle (DC) compared to deer grazing
alone (DD) was undertaken as a replicated study at two locations over two years. The
key outcomes were that DC needed fewer anthelmintic treatments and still had higher
live-weight than other groups. The DD group received more treatments and still had
highest nematode counts for Ostertagia-type nematodes and Dictyocaulus. The DS
group received a similar number of treatments to DD and had the highest burdens of T.
axei. Cross-grazing offers advantages which varied between DC and DS with regards
the level of control of GIN, however, both were effective in controlling lungworm
infection. Deer in all groups still required anthelmintic treatment to maintain growth

rates.
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Preamble

Before this thesis was planned the impact of infections with gastrointestinal nematodes
(GIN) on young deer was poorly understood and the ability to diagnose them was
equally poor except for estimating faecal egg counts. Earlier studies evaluated the
impact of internal parasitism in a field environment including demonstrating subclinical
losses, the value of some markers as diagnostic indicators for the need for anthelmintic
treatment use, and identified the species of internal parasites present. However, those
studies evaluated the combined impact of both lungworm together with GIN and were
not able to partition the effects to either category of parasite. Another important recent
issue was the identification of the apparent anthelmintic resistance in the Ostertagia-
type parasites. This has resulted in more attention being focused on the GIN and has
also increased their importance in the field. Therefore, many aspect of GIN needed to be

further investigated.

My initial involvement starts in May 2009 but was interrupted by maternity leave from
May 2010 until December 2010. It was still possible to conduct some research over this

maternity leave or to at least collect samples for later analysis as indicated below.

In 2009 research for this thesis commenced and the funding was provided by
DEEResearch New Zealand Ltd and AgResearch Ltd. The initial pathogenicity study
started back in April 2009. The aim of that study was to understand the pathogenicity of
gastrointestinal parasites in housed weaner deer. My involvement in this study
commenced after the experiment was initiated but I was responsible for analysing the
samples and assessing the results. A feature of this initial study was the development of
severe clinical signs in many of the deer, especially those receiving the highest dose rate
of larvae. This necessitated the early termination of the study and implementation of a
follow-up pathogenicity study (Chapter 3) that investigated the impact of artificial
infection with a lower dose of deer-origin larvae. I was fully involved with the design,

day-to-day running of this experiment as well as analysis of all samples.

In parallel with the pathogenicity studies in 2009, opportunistic use was made of faecal

samples collected during May 2009 and September 2010, primarily for a multi-species

xvil



study on the epidemiology of Johne's disease executed by Cristobal Verdugo and
collaborators. Once these researchers had taken their faecal samples the remaining
faeces became available for us to investigate the occurrence of different GIN species in
red deer in New Zealand. The sampling regime was designed for the Johne’s disease
study but also suited our purposes. The larvae were stored at 10°C until selected for
DNA extraction. After the individual DNA extraction, the larvae were frozen until

required for later PCR identification.

The cross-grazing field study to determine the value of an organised cross-grazing
system between deer and sheep or cattle to assist with the control of deer internal
parasites, was replicated at two locations and over two years, 2012-2013. I am indebted
to Dr Mackintosh of AgResearch, Invermay for running one of the replicates on the
Deer Research Unit at Invermay. We discussed the overall design of the experiment and
were aware of the day-to-day events occurring at Invermay during this study. However,
neither I nor my Massey University supervisors ever visited the Invermay site during
this study. Most of the faecal samples and gastrointestinal samples for parasitology were
sent to our laboratory for analysis. The preparation of paddocks in the two farms prior
to the starting of the cross-grazing trial, started on December 2011 for the first year and
on December 2012 for the second year. The animals of the trial started grazing and
rotating on the paddocks of the study when they were weaned, this happened at the
beginning of March in 2012 and at the end of February in 2013. The experimental phase

lasted until June both years.

In parallel with the cross-grazing study, in April 2012, a cross-infection study was
implemented to determine the establishment rate of sheep GIN in young deer compared
with sheep of the same age to help understand the potential risks associated with cross-
grazing and susceptibility of deer to sheep GIN. The deer and the sheep were infected (3
May 2012) one time with the infective larvae by stomach tube and four weeks after
infection all animals were euthanized (31 May 2012). A similar study investigating the
infectivity of cattle GIN for deer was conducted by another post-graduate student S.J.
ten Doesschate but with which I was also involved although it isn’t formally part of my

own PhD studies.
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The experiments in this thesis were approved by the Massey Animal Ethics Committee
(MUAEC 12/09, MUAEC 12/10, MUAEC 09/28) or the AgResearch Animal Ethics

Committee.

Chapter 5 was submitted for journal publication and Chapter 2, 4 and 6 will be
submitted for journal publication. The chapters will be modified for the required

publication style format.
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Chapter 1 literature review

1.1 Deer farming
1.1.1 Deer species and production around the world

The Cervidae family includes around 40 species and 200 subspecies. The Cervinae
subfamily includes the most commonly farmed species. Some of them are only
extensively farmed, including hog deer (Axis porcinus), sambar deer (Cervus unicolor),
rusa deer (Rusa timorensis), axis deer (Axis axis), Pére David’s deer (Elaphurus
davidianus), white-lipped deer (Cervus albirostris) whilst others are intensively farmed
including sika deer (Cervus nippon), fallow deer (Dama dama) and red deer (Cervus
elaphus) (Haigh 1995). The most common species to be intensively farmed is C.
elaphus and includes around 22 sub-species (Ludt et al. 2004). Wapiti, a native species
of Canada is generally considered to be a separate species (C. canadensis) but others
consider it a sub-species of C. elaphus with which it interbreeds (Kuznetsova et al.
2012).

Modern deer farming began in New Zealand in the late 1960°s and in 2013/14 there
were about 2,800 deer farms with 498,000 female deer mated. The absolute majority of
these were red deer (StatisticsNewZealand 2013). Deer farming dates back about 3,000
years with the earliest reports from China, where at the present time the majority of deer
farms are small or medium scale (Zheng et al. 2002) and the industry is mainly focused
on velvet production. In 2002 there were more than 500,000 farmed deer in China,
including sika deer (350,000), red deer (150,000), white-lipped deer (2,000) and sambar
deer (1,500). This compares with approximately 10,000 deer farms in Europe and 1,200
in Australia (Chardonnet et al. 2002). Worldwide it was estimated there were around 5

million farmed and ranched deer in 35 countries in 2002 (Chardonnet et al. 2002).

1.1.2 Population and distribution in New Zealand

Between 1861 and 1923 seven species of deer were introduced into New Zealand and
were rapidly established in the wild. A total of 1000 red deer were liberated between
1861-1923 mainly from England and Scotland, 130 fallow deer from 1864-1910, 26
sambar deer in 1875 and 26 during 1914-1921, 18 wapiti in 1905, and small numbers of



Numberof deer* 1000

sika deer, white-tailed deer (Odocoileus virginianus borealis) and rusa deer (Challies
1985).

The successful establishment of red deer in New Zealand has been attributed to a variety
of factors including: moderate temperate climate, absence of food competitors and
predators, as well as countless natural protected areas in the forests (Challies 1985) .
Commercial venison production started around 1958-1959 with animals shot in the wild
being exported to Europe, particularly to the Federal Republic of Germany. However,
given this intensive hunting, there was a huge reduction (75-95%) in deer numbers. To
meet the steady and high demand of venison in Europe, deer farming became legal in
1969 following changes to the Animal Act in 1967. From that time the number of deer
farms gradually increased, growing slowly from 1970 till 1983 when there were
240,000 animals, mainly red deer, being farmed. Many of these (60,000) were
originally captured from the wild (Challies 1985). The number of farmed deer peaked in
2004 with 1.757 million and has been steadily declining since then, with a population of
1,028 million in 2013 (StatisticsNewZealand 2013).

Figure 0.1 The New Zealand farmed deer population 1981-2013.
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Interestingly the number of farmed deer varies between the North and South Islands.
The farmed population in the North Island increased steadily until 1991 when it
stabilized until 2004. After that time the population has gradually dwindled until 2013,
the last year of available data, when it was 321,000. In contrast, in the South Island, the
population increased until 2005 reaching 1,153,000 and thereafter has declined only
slightly each year until 2013 when it was 1,028,000. In 2013 the majority (66%) of



farmed deer were in the Canterbury, Southland and Otago regions. The number of deer
in different regions in 2013 were: Canterbury 288,000; Southland 221,000; Otago
169,000; Waikato 79,000; Manawatu-Wanganui 76,000; and Hawkes Bay 69,000 deer
(StatisticsNewZealand 2013).

1.1.3 Venison “deer meat”.

Originally the term “venison” was utilized to refer only to the meat of an animal killed
by a hunter. More recently it is used to describe meat from a deer, regardless of whether
it is hunted or reared on a farm and killed in a slaughterhouse. For the purpose of this

literature review, venison will be used to describe all deer meat.

Internationally, most wild venison comes from Northern Europe, North America, and
Russia and most farmed venison comes from New Zealand. In 2013, thirteen thousand
tonnes of venison were exported with a free-on-board value of $163,722,087 in New
Zealand. The greatest consumers of venison (Shadbolt et al. 2008) are Scandinavians,
Europeans and Russians, because traditionally they consumed game meat during the
hunting season (October-December). Thus for New Zealand, it is important to have
finished product by October to be shipped to meet this demand. This then means that

maximising early growth is important for New Zealand deer farmers.

1.1.4 Velvet Antler

Antlers are secondary sexual characteristics of male red deer. They are cranial osseous
appendages first developed in puberty with cyclical replacements every year. The

seasonal development of the antlers is stimulated by light cycles and sex hormones.

Velvet antler refers to the whole antler in a pre-calcified stage of growth. In 2 year old
stags it has to be removed after 40-50 days of growth, and in older animals after 60-75
days (Moore et al. 1985). Velvet antler is a valuable material in traditional Chinese
medicine. New Zealand produces the most velvet internationally with Asia the most
common destination, mostly Korea. To date there is no direct evidence that body
condition in adults influences antler growth. However, a study on antler growth in
young white-tail deer observed that food (principally protein) restriction and/or mineral

deficiency can affect antler growth (French et al. 1956).



1.1.5 Deer seasonality

Deer respond to circadian and circannual variation. The pineal gland responds to
decreasing day length increasing the production of the hormone melatonin. Different
concentrations of this hormone will influence: feeding patterns; variation in antler
growth; live-weight gain; and changes in the reproductive cycle (Simpson et al. 1984;
Sibbald and Milne 1993; Stafford et al. 1993; Asher 2011; Asher et al. 2011a; Asher et
al. 2011b)

1.1.5.1 Feeding

During longer days, food intake increases which is reflected in higher live-weight gain
with the opposite during shorter days, when deer consume less and gain less weight.
Therefore, farmers aim to match the pasture growth curve with deer requirements.
Farmers appreciate the need to maximise growth during longer days and this can be
achieved by either matching the deer demand to the feed supply or the supply to the

demand.

1.1.5.2 Reproduction

Red deer have a seasonal reproductive pattern triggered by melatonin production.
Females are short day breeders with conception occurring during autumn and
subsequent calving occurring during summer. In New Zealand calving usually
commences in November extending through to December. Consequently, weaning
occurs in late February, early March. Puberty is reached when females reach a target
live weight together with the reduction of the daylight hours in autumn. On average they
reach puberty in their second autumn of life (16 months) (Asher 2011; Asher et al.
2011a; Asher et al. 2011Db)

1.2 Nematodes

1.2.1 Introduction

Parasitology is the science which studies parasites (Reinecke 1983). Parasites, from the
Greek “situated beside”, are “organisms that live on or within some other living

organism, which is known as the host” (Reinecke 1983).



Parasitic worms are typically from the helminth taxa. The parasitic helminths of
veterinary importance are contained by the Phyla Nematoda (roundworms),
Platyhelminthes (flatworms, tape worms and flukes) and Acanthocephala (thornyheaded

worms) (Bowman 2014).

In domestic animals, nematodes are a major cause of unhealthy herds and losses in
production (Sykes 1994; Corwin 1997; Zajac 2006). The impact of nematodes in the
host is affected by the species, the target organ, their life cycle and their strategy to
establish in their host. They are also affected by the host’s immune system, which in
turn is influenced by age and size of the animal (Greer et al. 2009), species or breed,
hormones, previous infection, management of the farm including nutrition, grazing
management, anthelmintic utilization (Sykes 1994; Coop and Kyriazakis 2001).
Understanding the epidemiology of nematodes together with good management usually
results in few clinical cases of parasitism. However, the growing development of
anthelmintic resistant strains has resulted in a reassessment and this is recognized as one

of the greatest menaces to the industry (Waller 1997).

1.2.2 Structure

Nematodes are cylindrical, slender and active worms usually narrow at both ends,
presenting a body covered by a tough outer cuticle. The phylum includes parasitic
species of animals and plants (accidental or obligatory parasitism). It also includes free

living nematodes of water and soil.

In general nematodes are dioecious with sexual dimorphisms, where the female is
bigger than the male. The female reproductive apparatus includes an ovary, oviduct,
uterus, vagina and vulva. The male possesses a testis (generally one) and vas deferens
leading to an ejaculatory duct which opens with the digestive tract in the cloaca. Males,
especially in the Superfamily Trichostrongyloidea, have accessory sexual organs
including, spicules (generally a pair) and a gubernaculum. These chitinous structures are
important during copulation. Because these structures are different between taxa, both

are important in the morphological identification to species level.

Depending on the genus or species the cuticle can be modified into leaf crowns,
papillae, cervical and caudal alae, cephalic and cervical vesicles as well as a copulatory

bursa (Figure 0.3). The presence or absence of these, together with their particular



morphology, helps in the identification of the different taxa. Some species e.g. the
Ostertagia spp., may also develop structural polymorphism, having minor and major

morph types of the same species with differences between them in the shape of the

spicules and the genital cone.

Figure 0.2. Cephalic region — Oesophagostomum venulosum.




Figure 0.3. Male spicules and bursa — Trichostrongylus askivali

1.2.3 Life Cycle

The parasitic nematodes of major economic importance in ruminants belong to the
Order Strongylida and particularly to the Superfamilies Trichostrongyloidea and
Strongyloidea. They have a direct life cycle, where the egg or first stage larvae (L1)
leave the host’s body in the faeces. The L1 hatches from the egg and feeds on bacteria
prior to moulting to the second and then the third larval stage (L3). The development
from egg to L3 is very dependent on environmental conditions, especially temperature
and moisture. The response to temperature behaves as a growing degree-day model
which requires a number of degree-days above a minimum for the larvae to develop. In
the last moult strongylid larvae retain the cuticle of the second larval stage. Thus the L3
is said to be ensheathed and this is the infective stage for the definitive host. The
retained cuticle around the L3 provides additional protection improving the survival of
this stage in the environment. The ensheathed L3 is, however, unable to feed and relies
on stored metabolites. The rate that larvae use up these stored metabolites and hence
survive is dependent on temperature. Desiccation is another important cause of death.
However, some are able to tolerate extreme temperatures (high and low) and

desiccation. (Wertejuk 1959; Todd et al. 1976; Lee 2002; Lettini and Sukhdeo 2006).

The host ingests the L3 whilst grazing and the larvae then proceed through the L4 and
adult stage in their preferred location. In the final host, the time from infection to the

production of larvae or eggs is the prepatent period and for trichostrongyloids is usually



between 2-4 weeks. The diets of most trichostrongyloid species are based on
gastrointestinal secretions and mucus, with the exception of Haemonchus contortus
which feeds on blood (Pomroy 1997). They also have the ability to enter an inhibited
phase where development is suspended at a larval stage within the animal, influencing

the epidemiology of the parasite.

1.3 Nematodes in Deer

In New Zealand, parasites are an important economic and clinical problem (Audigé et
al. 1998) and it has been acknowledged as a problem since the commencement of deer
farming. The most important parasites in farmed deer are the lungworm Dictyocaulus
eckerti and the gastrointestinal nematodes (GIN). The majority of the important GIN are
located in the abomasum, including Spiculopteragia asymmetrica, Spiculopteragia
spiculoptera (=Spiculopteragia boehmi), Ostertagia leptospicularis (=Ostertagia
crimensis) and some Trichostrongylus species. Farmed deer in New Zealand have only
small burdens of small intestinal species but in the large intestine Oesophagostomum
venulosum is common. Collectively from around the world there are limited studies on

the parasites of any deer species and red deer in particular.

1.3.1 Dictyocaulus spp.

In ruminants lungworms in the genus Dictyocaulus induce respiratory disease and in
deer in New Zealand lungworm has been recognized as the most important parasite. It
can cause severe disease in naive animals particularly in deer calves during their first
autumn (Charleston 1980; Mason 1985a). Two species have been described in deer,
Dictyocaulus eckerti, whose preferred host are deer and Dictyocaulus viviparus whose
preferred host are cattle (Johnson et al. 2003b). Historically there has been considerable
confusion as to the identity and host specificity regarding these two species. In the
early 20™ century Railliet and Henry (1907; cited by Skryabin et al. 1954) named the
species from Cervus elaphus as Dictyocaulus noerneri but the authors gave only a brief
description concentrating on the length of the spicules. A subsequent mention by French
authors described D. noerneri as being commonly found in deer (Skryabin et al. 1954).
Chapin (1925; cited by Skryabin el al. 1954) described Dictyocaulus hadweni from
Bison bison and wapiti but again did not give a detailed morphological description. In
1931 Skryabin named and described D. eckerti (Skryabin et al. 1954) from the lungs of

a reindeer, but it was not until 1995 that D. eckerti from a fallow deer and D. viviparus



from cattle were recognized as being genetically different species (Epe et al. 1995).
At this point in time D. eckerti is the generally accepted name for the Dictyocaulus
species which parasitizes several species of deer. D. eckerti was recognised as the
dominant species in red deer in New Zealand in the early 21* century (Johnson et al.
2001a; Johnson et al. 2001b). The same authors later showed that red deer can be
infected with both D. eckerti and to a lesser extent with D. viviparus but D. eckerti does
not successfully establish in cattle (Johnson et al. 2003b). The other important
Dictyocaulus species in farmed ruminants is Dictyocaulus filaria, which has sheep and
goats as its preferred hosts, but there are no reports of red deer being infected with it.
Taxonomic studies are important to understand the epidemiology of each species of
lungworm, especially when cattle, sheep or deer co/cross-graze the same area (Wilson
2002) and also when wild deer are able to move many kilometres carrying and

spreading nematodes in a region (Chintoan-Uta et al. 2014).

1.3.1.1 Description

Adults are thin thread-like or filiform white worms with females larger than the males.
Dictyocaulus eckerti males measure 1.9-4.0 cm and females 3.1-6.5 cm (Skryabin et al.
1954) and D. viviparus males 4.0-5.5 cm and females 6.0-8.0 cm. D. eckerti can be
differentiated from D. viviparus on the size and shape of the buccal ring, which for D.
eckerti is oval and for D. viviparus is circular (Johnson et al. 2001a). D. eckerti has also
been described as having longer spicules with a different shape of the end of the dorsal
ray and the presence of cervical papillac and a buccal capsule (Skryabin et al. 1954).
However morphological characters are not totally reliable, especially when
Dictyocaulus may be in a different host or when the size of the nematode is influenced
by the host (Divina et al. 2000) making the morphological differentiation of D. eckerti

from D. viviparus difficult.

1.3.1.2 Life cycle and epidemiology.

Dictyocaulus spp. have a direct cycle. The adult worms live in the larger airways and
lay eggs containing fully developed L1. These hatch within the lungs and the L1
subsequently move up the trachea to the pharynx where they are swallowed to the
gastrointestinal tract and then are eliminated through faeces. The L1 moult to L2 and
retain the cuticle of the L1 indicating L2 do not feed. These then moult to the L3 and

initially at least, are contained within the retained cuticle of both the L1 and L2. The



cycle continues when the L1 in the environment become infective L3 and another deer
swallows it. The L3 inside the body penetrate the intestinal mucosa after exsheathment
and start travelling principally via the lymphatic circulation through the mesenteric
lymph nodes reaching the lung capillaries and breaking into the alveoli. This may occur
after only one week from ingestion of the L3. The last moult of the larvae takes place in
the bronchioles and a few days later the young adults mature in the bronchi (Mason
1985b; Taylor et al. 2007). The minimum prepatent period in red deer for D. eckerti is
23 days and for D. viviparus 22 days (Johnson et al. 2003b).

Disease is seen frequently in regions with high rainfall or on farms with irrigation
(Breeze 1985). It is believed that the main source of infection is fawns over two months
old (Mason 1985b). There are only limited studies on the preferred conditions for the
development and survival of infective D. viviparus larvae and even less for D. eckerti.
By comparison with other trichostrongyloids their free living stages are more
susceptible to various environmental effects such as dryness and high temperatures.
They generally do not survive for long periods (Rose 1956). However, some research
has shown that under certain conditions of low temperatures some L3 of D. viviparus
are capable of survival overwinter (Gupta and Gibbs 1970; Strube et al. 2007; Laabs et
al. 2012), though this hasn’t been yet proved for D. eckerti.

1.3.1.3 Pathogenicity, clinical signs

Clinical disease is common in young animals before 12 months of age, especially where
control on-farm is poor. There are only a few descriptions of the pathogenesis of
lungworm in deer. In cattle in Europe, the disease cause by D. viviparus is often seen

during their first season on grass and pathogenesis has been described in three stages.

1) The prepatent stage extends from day 7-25. At this time the main signs are a
cough and increase in the respiratory frequency. The severity of the disease
depends on the number of larvae ingested and/or the numbers that reach the
lungs. The damage from larvae penetrating the alveoli then entering the
bronchioli and finally when the adult reaches the larger airways of the bronchi,
causes alveolitis, bronchiolitis and bronchitis, respectively (Breeze 1985;
Panuska 2006; Taylor et al. 2007). The prepatent phase is generally considered

to be clinically significant.

10



2) The patent stage extends from day 25-60 (Breeze 1985; Panuska 2006; Taylor et
al. 2007). Over this period the adults are in the larger airways laying eggs. It is a
very important stage epidemiologically and also very important clinically.
Coughing may become more severe with a further increase in respiratory
frequency, pyrexia, decreased food intake, and weight loss (Breeze 1985;
Panuska 2006; Taylor et al. 2007). At this stage, the excess mucus production
may be blocking the lumen of the bronchi and smaller airways leading to
emphysema and pulmonary consolidation. It is compounded by the aspiration of
L1 and eggs into the smaller airways and alveoli (Breeze 1985; Panuska 2006;
Taylor et al. 2007).

3) The recovery stage extends from day 55-90 (Breeze 1985; Taylor et al. 2007)

and 1s when the animals start to recover.

In deer, depending on the level of infection of D. eckerti, the signs can also go from loss
of production to death. It appears that the pathogenicity in deer is slightly different from
cattle. The airways seem to have less exudate and fewer consolidated areas. Even in
fatal cases, the lungs show minimal macroscopic damage with most signs attributed to
the obstruction of the trachea and bronchi by adult lungworms (Charleston 1980). Deer
do not generally develop the pronounced coughing at rest described in cattle, making
diagnosis based on clinical signs unreliable. Some of the non-specific signs in deer are
reduced voluntary food intake with consequent loss of condition and reduced live-

weight gain (Corrigall 1985).
1.3.2 Varestrongylus sagittatus.

This protostrongylid (Nematoda: Metastrongyloidea) lungworm was first identified in
red deer in New Zealand in the 1990s (Mason 1994). Unlike Dictyocaulus spp. where
the adults are located in the airways, Varestrongylus spp. adults are located in nodules
in the lung tissue and it is difficult to recover intact nematodes from lung washes. It was
probably in New Zealand well before Mason’s initial report but had gone unnoticed. As
with other protostrongylids the L1 is eliminated in the faeces and its life cycle requires
gastropod molluscs as intermediate hosts for the development of the L1 to L3. The L1
of Varestrongylus has a spiny tail (Mason 1995) and it is morphologically similar to
Elaphostrongylus spp. and Muellerius spp , protostrongylids. The spiny tail allows it to
be differentiated from the L1 of Dictyocaulus spp. which does not have this feature.
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1.3.3 Gastrointestinal nematodes

Gastrointestinal nematodes have always been recognised as a potential issue for red deer
(Mason 1977; Watson and Charleston 1985¢c; Audigé et al. 1998). However, from the
early stages of deer farming in New Zealand, the emphasis was on controlling
lungworms with anthelmintics and it was presumed this would also control
gastrointestinal parasites. Nevertheless, high burdens of GIN were reported in farmed
deer in the seventies (Mason 1977). Studies on the benefits of anthelmintic use found
significant differences in live-weight gain between treated and untreated deer but as
these animals were on pasture it was not possible to partition the effects of lungworm
from those of GIN (Wagner and Mackintosh 1993a; Waldrup and Mackintosh 1993;
Waldrup et al. 1994). The only experimental studies to date have also combined both
GIN and lungworm infections (Hoskin et al. 2000a; Hoskin et al. 2000b)

The most relevant GIN (Table 0.1) are located in the abomasum and are deer-specific
nematodes of the Sub-family Ostertagiinac (=Ostertagia-type), including three related
species, S. asymmetrica, S. spiculoptera and O. leptospicularis. Naming of these
species has been somewhat confusing since their original descriptions but now seems
generally accepted as indicated. Each of these has both major and minor morph types.
Trichostrongylus axei has also been commonly reported from the abomasum of deer
together with Trichostrongylus askivali (McKenna 2009c). The latter is a deer-specific
nematode. Haemonchus contortus and Teladorsagia circumcincta, both of which are
principally sheep species, have also been reported from red deer (Hoskin et al. 2000a;
Hoskin et al. 2000b; Manfredi et al. 2007). Ostertagia ostertagi, which has cattle as its
preferred host has also been reported in red deer overseas but not in New Zealand

(Pursglov et al. 1974; Conti and Howerth 1987; Drozdz et al. 2002).

Small burdens of some other cattle and sheep nematodes have been reported in red deer
in New Zealand including Trichostrongylus vitrinus, Trichostrongylus colubriformis,
Cooperia pectinata, Cooperia curticei, Cooperia oncophora, Cooperia punctata
(McKenna 2009a).
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Oesophagostomum venulosum is commonly found in the large intestine of red deer in
New Zealand. Its preferred hosts are sheep and goats (Hoskin et al. 2000b; McKenna
2009a). Reports of small to medium burdens of Oesophagostomum radiatum, which has
cattle as its preferred host, were reported in adult red deer in New Zealand (McKenna
1999) and in fallow deer in Germany (Barth and Matzke 1984). Oesophagostomum
sikae has also been recognised in several species of deer including sika deer (Cameron
and Parnell 1933; in Popova 1965), red deer and roe deer (Patrelle et al. 2014). This
species is morphologically similar to O. radiatum and has recently been recognised in
New Zealand (see Chapter 2). It is likely that earlier reports of O radiatum in deer in
New Zealand have misidentified O. sikae. There is also one report of Trichuris ovis

(Andrews 1973) in red deer but no more in recent years.

1.3.3.1 Ostertagia-type nematodes

1.3.3.1.1 Description

There are three common Ostertagia-type species in deer: S. spiculoptera (Gushanskaya,
1931 cited by Skryabin 1954) and its minor morph S. mathevossiani (Ruchlyadev, 1948
cited by Skryabin 1954), S. asymmetrica (Ware 1925) and it minor morph type S.
quadrispiculata (Jansen 1958), and O. leptospicularis (Assadov, 1953 cited by Skryabin
1954) and its minor morph O. kolchida (Popova, 1937 cited by Skryabin 1954). The
minor morph types are by definition less common than the major morph type. The

proportion varies but is commonly < 10%.

It is common to find all three Ostertagia-type species (S. spiculoptera, S. asymmetrica

and O. leptospicularis) in the abomasum of red deer in New Zealand.
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1.3.3.1.2 Pathogenicity and clinical signs.

It is known that Ostertagia-type nematodes cause a classical parasitic gastritis
(abomasitis) in ruminants resulting in signs of diarrhoea and weight loss (Williams et al.
1987). The pathogenicity is well described for sheep and cattle. Observations in deer
would indicate the same sequence occurs. Larvae penetrate and then mature in the
abomasal gastric glands resulting in distension. The host responds with a focal area of
mucosal hyperplasia and cellular metaplasia. After the adult nematodes emerge these
cellular changes become more generalized. Together with these changes there is a rapid
turnover of cells, loose tight junctions between epithelial cells and increased production
of mucus. Collectively these lead to protein-losing gastritis. (Noble 1989; Taylor et al.
2007).

The disease can be classified into 3 types in cattle.

Ostertagiosis Type I: In this the larvae complete their development without becoming
inhibited within the definitive host. This is the usual presentation of disease caused by

these nematodes and is the only type seen in sheep. In deer, the most common is type I.

Ostertagiosis pre-Type II / arrested development. In this the larvae accumulate at the
early L4 stage within the mucosal glands. Several factors may stimulate larvae to
become inhibited including the exposure of the L3 to adverse environmental situations
but it is also necessary that the specific worm has the genetic ability to enter a
hypobiotic state, sometimes referred to as diapause (Sommerville and Davey 2002).
Larvae usually accumulate over a period of inclement climatic conditions and in New
Zealand that is winter. These inhibited larvae do not usually stimulate a host

response/clinical signs.

Ostertagiosis Type II: In this the larvae are triggered to synchronously reactivate
generating a massive outflow of nematodes from the glands, damaging the mucosa and
triggering severe disease. The trigger for the activation and maturation of the larvae is
still not very clear, but it may be related to the immunity in the host and obviously in the
number of larvae in pre-Type II stage. In deer, Type II disease has only been described
in red deer in Britain (Connan 1991) and in the North American Elk in Canada
(Woodbury and Parry 2009). To date, it hasn’t been formally reported in New Zealand

farmed deer
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Ostertagiosis Type II, is not commonly reported in cattle in New Zealand which is most
likely due to a combination of factors. Some studies have suggested that inhibition of
the L4 stage is genetically explained (Eysker 1997). However, environmental
conditions are also considered to be involved (Sommerville and Davey 2002). It is also
understood that in New Zealand most inhibited larvae demonstrate a slow reactivation
over a longer period (Bisset and Marshall 1987) rather than a synchronous emergence of

all inhibited larvae.

Overall, there is only a limited published literature on parasitic disease caused by
Ostertagia-type nematodes in deer. It is known that Spiculopteragia spp. in deer can
decrease body condition of infected animals (Kutz et al. 2012). In Scotland, deaths were
reported in yearling red deer which had an abomasal worm burden dominated by O.
leptospicularis. (Dunn 1983). O. leptospicularis can also infect cattle and sheep (Bisset
1980; Borgsteede 1981; McKenna 2009a) and in the former has high infectivity and
pathogenicity (Buel et al. 1984), particularly when it is together with O. ostertagi. It is
also notable that in cattle O. ostertagi and O. leptospicularis may have different

susceptibilities to anthelmintics (Bisset 1980).

Other related nematodes have been reported in red deer including T. circumcincta
(Hoskin et al. 2000a; Hoskin et al. 2000b; Manfredi et al. 2007; Pato et al. 2013) whose
preferential hosts are sheep/goats and Ostertagia ostertagi (McKenna 2009a) whose
preferential hosts are cattle. Although there are reports of clinical disease associated
with O. ostertagi in white tailed deer in the US (Pursglov et al. 1974; Conti and
Howerth 1987) none have been reported in red deer to date. Similarly, there are no

reports of clinical disease with T. circumcincta in red deer.

1.3.3.2 Other trichostrongyloid nematodes

1.3.3.2.1 Trichostrongylus spp.

In this genus the nematodes are small. Some species are frequently found in the small
intestine and others in the abomasum of ruminants. Table 0.1 compares the features of
T. askivali and T. axei which are the two species commonly found in deer in New

Zealand.

Trichostrongylus axei (Cobbold, 1879) has been recorded from a range of grazing

species. In at least one comparative study it was found that more L3 established in
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sheep than cattle, although no statistical evaluation was undertaken (Borgsteede 1981).
Until recently in New Zealand, T. axei was considered the only member of this genus in
the abomasum of red deer. The recognition that Trichostrongylus askivali (McKenna
2009c) was also present and that the two are morphologically very similar suggests it is

not a recent arrival but has been mistakenly identified up until this time.

The pathogenicity of T. axei, as for other trichostrongyloids, is influenced by the
number of nematodes present and by the development of the host immune response.
Heavy infections will induce plaque-shaped lesions in the abomasum which are due to
hyperplasia of the mucosa and in severe cases or long-lasting infections these can
develop into shallow ulcers. The clinical signs reported in lambs include diarrhoea,
depression in food intake and weight loss. And in severe cases infection can even cause

death (Gibson 1954b, 1954a, 1955).

Very small burdens of Trichostrongylus vitrinus and Trichostrongylus colubriformis

have been recovered in several studies in red deer in New Zealand (Hoskin et al. 2000a;

Hoskin et al. 2000b) and elsewhere (Pato et al. 2013).

1.3.3.2.2 Haemonchus spp.

Haemonchus contortus Rudolphi, 1803 have been found in a range of ruminants
although their preferred hosts are sheep and goats. Females are 18-32 mm long and
males are 13-20mm (Pato 2012). Adults are large compared to other abomasal
nematodes. They are haematophagous nematodes and the female’s blood-filled intestine
is coiled around her white uterus and ovaries leading to this species having the common
name of “barber’s pole worm”. Females have a vulvar flap and males barbed spicules
with both having cervical papillae. The spicules are short 370-450 um in relation with
the body length 13-20mm (Pato 2012). They are generally easy to recognise.

Haemonchus placei, (Place 1893). Its preferred host is cattle. Morphologically it is
similar to H. contortus but it has longer spicules 454-470 um and the females do not
have a vulvar flap (Pato 2012). This species has not been described as present in New

Zealand.
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Haemonchus cause disease mainly in warm tropical and subtropical arcas. Larval
development requires relatively high temperatures and humidity. Generally outbreaks
are positively correlated with rainfall (Taylor et al. 2007). New Zealand is towards the
end of the climatic range for H. contortus and as a consequence H. contortus is mainly
found in the North Island and then generally only over the warmer summer/autumn
months. As for other trichostrongyloids the early L4 of H. contortus is also capable of
diapause in the abomasum (Sommerville and Davey 2002). The minimum prepatent
period in sheep is 18-21 days and 26-28 days in cattle (Wood et al. 1995; Taylor et al.
2007).

Their pathogenicity is mostly due to their hematophagous feeding behaviour (Holmes
1987) and the consequences are animals in poor condition with anaemia. In New
Zealand it is well known in the North Island to be capable of killing sheep and goats.
For deer there are only anecdotal comments from clinicians of haemonchosis which
have been reported (Swanson et al. 2007). Several cases have been reported in white tail

deer in the United States (Prestwood and Kellogg 1971; Davidson et al. 1980).

1.3.3.2.3 Nematodirus spp.

Nematodirus spp., are found in the small intestine of ruminants. The life cycle of these
species differs from other GIN in that the egg is relatively large and the larva develops
to the L3 within the egg (Dikmans and Shor 1942). This genus has been reported from
deer in New Zealand (Mason 1977) but the species involved were not indicated.
Overseas it has been reported to be common (prevalence 66%) in roe deer on the Iberian
Peninsula (Pato et al. 2013) and to be present in fallow deer in Europe (Rehbein et al.
2014). In red deer low numbers of Nematodirus spp. have been reported on a few
occasions (Irvine et al. 2006; Demiaszkiewicz et al. 2009). Clinical disease associated

with Nematodirus infection has not been reported in deer in New Zealand.

1.3.3.2.4 Cooperia spp.

Cooperia spp. are located in the small intestine of ruminants. In temperate zones they
rarely cause significant pathogenicity, except when they are associated with other more
pathogenic nematodes. Low burdens of different species of Cooperia spp. from cattle
have been described as present in the small intestine of red deer including C. oncophora
(McKenna 2009a), C. punctata (Connan 1996; Hoskin et al. 2000a), C. pectinata
(McKenna 2009c¢) and also C. mcmasteri (Hoskin et al. 2000b). Cooperia curticei is
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another prevalent nematode in sheep and goats but hasn’t been reported in natural

infections in red deer in New Zealand.

1.3.3.3 Oesophagostomum spp.

Before this PhD thesis, only two species of Oesophagostomum were described from the
large intestine of red deer in New Zealand. O. venulosum, whose preferential host is
sheep, is the most prevalent (McKenna 1997; Hoskin et al. 2000b; McKenna 2009a).
Oesophagostomum radiatum, whose preferential host is cattle, has also been reported,
but only once in red deer (McKenna 1999). However, Oesophagostomum sikae which is
morphologically similar to O. radiatum has been found in sika deer (Cameron and
Parnell 1933; in Popova 1965). It has recently been characterised using molecular tools
and identified in red deer and roe deer in the northern hemisphere (Patrelle et al. 2014).

The first report of this species in New Zealand is made in Chapter 2.

1.3.3.3.1 Description

Oesophagostomum venulosum (Rudolphi, 1809). The male adult length is 11-16 mm
and the female 13-24 mm. The head has a buccal capsule with 18 parts in the external
leaf crown. This is surrounded by a buccal collar which is separated from the cephalic
vesicle by a well-marked groove. It also has a pair of cervical papillae that are located at
the end of the oesophagus. The lateral cervical alae are not developed (Taylor et al.

2007).

Oesophagostomum radiatum (Rudolphi, 1803). The male adult length is 12-17mm and
the female 16-22 mm (Taylor et al. 2007). The external leaf crown is absent. An
obvious buccal collar is present and is clearly separated from the cephalic vesicle. The
cephalic vesicle has a small constriction at the beginning of the distal third. Lateral alae
extend down below the cephalic vesicle. The cervical papillae are located in the middle
of the oesophagus. The gubernaculum is 0.1 mm long (cited by Goodey 1924, in
Popova 1965).

Oesophagostomum sikae (Cameron and Parnell, 1933). The adult male length is 9.95-
12mm and the female 12.9-17.25mm long (Yamaguti 1935; Popova 1965). The external
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leaf crown is absent. An obvious buccal collar is present. The cephalic vesicle is
similar to O. radiatum but is constricted in the middle (Yamaguti 1935). The cephalic
portion of the nematode is curved ventrally. According to Popova (1965) the key
morphological difference with O. radiatum is that O. sikae doesn’t have a
gubernaculum and in the oesophageal funnel it has three lanceolate formations that are

absent in the oesophagus of O. radiatum.

1.3.3.3.2 Epidemiology

The epidemiology of O. venulosum in sheep and O. radiatum in cattle is similar to the
trichostrongylids where the L4 is able to enter diapause in the mucosa. In its free-living
stage the L3 is also able to survive on pasture over winter in temperate areas (Taylor et
al. 2007). The minimum prepatent period for both species is around 35-42 days (Wood
et al. 1995). O. venulosum is considered to prefer temperate climates whereas O.
radiatum is more common in tropical and subtropical areas. Cattle are considered to be
able to develop good immunity after exposure (Taylor et al. 2007) whereas available
information indicates that sheep are able to develop a good immune response against

developing worms but not against adults (Dash 1981).

1.3.3.3.3 Pathogenicity and clinical signs

O. venulosum in sheep is not very pathogenic and is not known to induce nodule
formation around the larvae within the mucosa in naturally infected sheep. However,
nodule formation has been reported in at least two studies with experimentally infected
sheep (Goldberg 1952; Clark et al. 1978). In comparison, cattle do develop a
pronounced inflammatory nodule around O. radiatum larvae within the mucosa. A
large number of nodules can cause considerable damage (Taylor et al. 2007). There are

no reports on the pathogenicity of any Oesophagostomum spp. in deer.

1.3.3.4 Chabertia sp.

Chabertia ovina infects the large intestine of sheep and goats. It is only occasionally
reported from deer or cattle with resulting problems ascribed to this species. In red deer

in New Zealand it has only been described as present in low burdens in artificially
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infected deer (Mackintosh et al. 1997). In a study in Poland, it was described as highly
prevalent in cervids including red deer (Burlinski et al. 2011). However, the authors
undertook only morphological identification of the infective larvae from cultured eggs
and as Chabertia L3 are known to be very similar to those from the Oesophagostomum
genus, and since some authors have stated that it is impossible to differentiate between
them (Patrelle et al. 2014) these may have been misidentified. This species is commonly
called the “large-mouthed bowel worm”, as it has a large buccal capsule which it uses
for attachment and feeding on the tissue of the colonic mucosa. Because of the damage
in the mucosa resulting in local haemorrhage and also protein losses, this worm can be

very pathogenic, especially when burdens are around 300 (Taylor et al. 2007).

1.4 Diagnostic Techniques for GIN

A good diagnostic technique is essential for good control of parasites, as clinical signs
of helminth disease are not very specific. Morphological methods for the identification
of adult stages can only be used at post mortem. In live animals the options are limited
to quantifying eggs in faeces with the possibility of subsequent coproculture to identify
any developed larvae to the genus level. More recently molecular methods for the
identification of adults and immature stages (both in and outside the animal) have been
developed and are now being used when precise identification is required. The same

ranges of techniques are used for deer as for other ruminants.

1.4.1 Morphological diagnostics

1.4.1.1 Coprological

Examination of faecal samples is the most commonly used method to estimate the worm
burden because it is cheap, fast and easy to perform. There are several methods
available, including flotation methods (direct flotation, McMaster methods, Flotac),

sedimentation methods (Baermann technique), and many modifications of them.

These methods have been used to measure: the status of helminth infection in the herd
(Ward et al. 1997); the presence of anthelmintic resistance (Coles et al. 1992); the
subsequent level of pasture contamination; and different aspects of the epidemiology of
helminth infection (Vadlejch et al. 2011). Even though it is of great investigative value,

it has some limitations. The rate of egg or larva shedding may vary depending on
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several factors including the age of the animal, faecal moisture content and development
of immunity due to past exposure. As most strongylid species produce similar eggs,
morphological identification is not possible to species level and counting eggs only
allows a quantitative diagnosis at a superficial level. If coproculture is undertaken, the
resulting larvae can be identified morphologically to genus level. Final diagnosis must
take into account other factors including the clinical signs or pathological impact on the

animal and host species (Gasser 2006).

1.4.1.1.1 Faecal egg count (FEC).

This diagnostic method is the most commonly used, because it is easy to perform and
relatively cheap using only basic laboratory instruments. To execute a FEC, it is
necessary to mix a measured quantity of faeces with a flotation solution and an aliquot
of this solution is examined under a microscope in a counting chamber. To estimate the
number of eggs per gram (eggs/g) of faeces, the McMaster technique is by far the most
popular (Roeber et al. 2013b).

1.4.1.1.2 McMaster technique

It is a quantification diagnostic method, originally described by Gordon and Whitlock
(1939) and it has been modified many times (Table 0.2). Most variations use a slide
with two compartments with grids under the top slide. The compartments are filled with
a known faecal content in a flotation solution, and the eggs that float up within the grid
under the top slide are counted. Variations include different flotation solutions with
different specific gravities, the amount of faeces used, application or not of
centrifugation, the number of counting chambers, and the resulting dilution factors

(Vadlejch et al. 2011).

Table 0.2 A selection of variations of Modifications of the McMaster technique by

different authors.

Hodges et al. | Wetzel Zajicek Roepstorff and
1983, in 1951 Nansen (1998
( (1951) (1978) (1998)

Stafford et al.

23



1994)
Faeces (g) 2 2 1 4
Centrifugation No No yes Yes
Flotation 28 ml 60 ml 10 ml 4 ml
Solution (ml) NacCl NaCl MgSO4+NaS,03 | NaCl+Glucose
Solution specific | 1.2 1.2 1.28 1.3
gravity
Flotation rest 3 min 2-3 min 5 min 3-5 min
time
Chambers 2 3 2 2
counted
Egg multiplied 50 67 33 20
by coefficient
Dilution factor 1:14 1:30 1:5 1:14

Changes in the technique vary the sensitivity of the method. When larger amounts of
faeces are used, the technique becomes more sensitive. Some authors described an
optimal dilution factor of around 1:10-1:15 (Vadlejch et al. 2011) explaining that when
the dilution factor is too high, the eggs are not always detected and when it is too low,
the probability of overlooking eggs by the technician increases (Vadlejch et al. 2011).
When centrifugation is included, the method becomes more reliable but is more
complex and labour intensive. A comparison of the three modified methods (by Wetzel
(1951), by Zajicek (1978) and by Roepstorff and Nansen (1998)) are shown in Table
0.2. When samples were > 200 eggs/g the three methods were reliable with 100%
sensitivity. However, when < 20 eggs/g, none of them were able to detect 100% of the
positive samples. The method by Roepstorff and Nansen (1998) was the most sensitive

(70%).
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The relationship between egg counts and worm burdens in deer is considered to be poor
(Mackintosh and Tolentino 2009). Nevertheless, in a study on anthelmintic efficacy by
Mackintosh et al. (2014b) it was found that there was a high correlation between
Ostertagia-type egg output and worm burden in young deer. However, in the same
study this correlation was low after treatment with moxidectin. To explain the low
correlation in treated deer, the authors conclude that a temporary suppression of the

production of eggs in the resistant nematodes may have occured (Mackintosh et al.

2014b).

1.4.1.1.3 Faecal larvae count (FLC).

For the estimation of the lungworm larvae from faeces, sedimentation methods such as
the Baermann technique are frequently used. The Baermann technique usually consists
of a funnel with a clipped tube attached at the bottom end or a conical flask with a
rounded bottom. A known amount of faecal sample is inserted over a mesh/gauze/filter
paper at the top. The funnel/conical flask is filled with water to cover the faecal
material. This is incubated for a variable period between “overnight” to 20 hrs at “room
temperature”. The active larvae will pass through the mesh/gauze/filter paper and
collect at the bottom of the funnel/conical flask. Depending on the apparatus used the
larvae are either collected by opening the bottom of the clipped tube or by siphoning the
fluid from the top of the flask. Larvae are subsequently counted and number per gram
calculated. In deer the FLC for lungworm has a good correlation with the actual worm

burden, making it a reliable diagnostic technique (Mackintosh et al. 2014b).

1.4.1.1.4 Culture and larval speciation

The eggs of GIN require aeration and an appropriate warm temperature and humidity to
develop into infective L3. To provide the resources for the development of the larvae a
variety of techniques have been described. These involve a culture for 7-14 days at
temperatures ranging from 21-28°C. Faeces are initially mixed with an inert material to
facilitate aeration which could be sawdust, dried sphagnum moss, sterile cattle, sheep or
horse faeces (Roberts and O'Sullivan 1950) and vermiculite. The latter is the most
popular because it is cheap, easy to obtain and its porous nature facilitates distribution
of air and water through the mixture. (Porter et al. 1965). After culture several different
techniques have been described to recover the larvae. Most use some variation of the

Baermann Technique (Berrie et al. 1988; Taylor et al. 2007). Larvae are then identified
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according to readily available keys (MAFF 1977) which describe the features of species
found in sheep and cattle. However, the characteristics of L3 of Ostertagia-type species

from deer haven’t been described in the literature.

1.4.1.2 Nematode burdens

If animals are killed it is possible to undertake a count of the actual nematode burden.
This generally involves washing the organs separately and counting the worms in an
aliquot. The most commonly used approach is that described in the World Association
for the Advancement of Veterinary Parasitology guidelines for evaluating the efficacy
of anthelmintics (Wood et al. 1995). This involves separately washing each organ of
the gastrointestinal tract and counting the worms in a 5% aliquot. This aliquot is sieved
through a 38 um aperture sieve to retain all larval stages. If many worms are expected
the size of the aliquot can be decreased (Clark et al. 1971) and inversely if only a few
worms are present the size of the aliquot can be increased (Wood et al. 1995). To
recover the immature worms, especially Ostertagia-type species, from deep within the

mucosa two different approaches have been described.

1. The incubation method. This can only be used with a fresh abomasum. The
abomasal mucosa is soaked face down in saline for 24 hrs or overnight under
warm conditions (usually 37-40°C) and the larvae that emerge are recovered
from the water.

2. The digestion method. For this the mucosa is immersed in a solution of 1%
pepsin in 3% hydrochloric acid (HCI) or just 3% HCIL. This is then incubated for
4-6 hrs at 37-40°C. The digested mucosal material is later sieved (38 um) and a
5% aliquot is counted under the dissecting microscope. Wood et al. (1995)
confirmed that 10% more larvae were recovered with the digestion method than

the incubation method.

For the recovery of Dictyocaulus spp. three general techniques have been described.

1. Perfusion method. This method was originally described by Inderbitzin (1976;
cited by Oakley 1980) and modified by Hoskin et al. (2000b). For this the lungs
must be intact and still together with the pulmonary artery and at least part of the

trachea. A hose is placed within the pulmonary artery and securely tied in place.
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At least 30 litres of cold water is then run through the lungs at a constant
pressure of 2.11 kg/cm®. This is generally equivalent to normal household water
pressure. The recovered liquid is passed through a 53 pum sieve to recover the
nematodes.

2. Dissection, washing. For this technique the lungs are dissected and individual
pieces are washed with water over a fine sieve.

3. Modified Baermann technique. Similar to the dissection technique, lungs are
dissected and washed in normal saline soon after death. The lungs are later
immersed in normal saline at 40°C for an hour and then cut pieces of lung are
inserted in a Baermann apparatus. The resulting normal saline collected is then
sieved and the lungworms counted.

Oakley (1980) compared a modified technique of the perfusion method, with a modified
Baermann technique and proved that the Inderbitzin method was more efficient for the

recovery of D. viviparus.

1.4.2 Molecular methods

Molecular biological methods are now being used in parasitology, although their use for
routine diagnostic purposes is still very limited. They provide the opportunity to
unambiguously identify parasites of any sex and stage if the appropriate information
about their DNA is available. The most commonly used technique involves the

polymerase chain reaction (PCR).

1.42.1 PCR

This technique was developed and described by Mullis et al. (1986) and later improved
by Saiki et al (1988) with the use of the thermostable DNA polymerase enzyme isolated
from Thermus aquaticus (taq). To amplify a piece of nucleic acid this technique relies
on thermal cycling. Initially the DNA is heated to denature the double stranded
genomic DNA. This step is followed by a temperature decrease to allow for the
annealing or hybridization of the primers to the DNA strands. The next step follows a
rise in temperature to promote extension of the DNA from the primers using a
polymerase, usually taq (Gasser 2006). A number of variations of this technique have
been described. More recently, real time PCR (qPCR) is the technique that has been
reported for use with identifying parasites. This technique is able to quantify the

amount of parasite DNA present.
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1.4.2.1.1 PCR in Nematodes

A suitable DNA target region is required to be identified that is stable within a species
but has enough variability at the level needed to identify that species. The most
common targets that have been used are the first internal transcribed spacer (ITS-1) and
the second internal transcribed spacer (ITS-2) of the nuclear ribosomal DNA region
(rDNA) (Bott et al. 2009; Roeber et al. 2012a; Roeber et al. 2013a; Bisset et al. 2014).
These regions are known to have enough variability at species level together with low

intraspecific variation.

In sheep, for the identification of eggs, Bott et al. (2009), developed a semi-quantitative
qPCR protocol, where ITS-2 was used as the target region. The eggs were separated by
flotation from the faecal sample followed by extraction of the DNA by column-
purification. For amplification two primers were used, a forward species-specific primer
in the ITS-2 region and a conserved reverse primer in the 5’ region of the large subunit
of rDNA. The authors found a correlation between the eggs per gram in the FEC and the
values in the qPCR. These authors claimed this method was more sensitive than the

McMaster method.

In sheep, Bisset et al. (2014) developed a multiplex PCR method to identify the species
of nematodes commonly found in sheep in New Zealand. They recovered DNA from
individual L3 and used the ITS-2 region as the target region. For this method they
included 5 species in each multiplex reaction and thus required two reactions to cover
all sheep nematode species of interest. Each multiplex reaction included either reverse
or forward primers for each species, together with two conserved “generic” primers
(reverse and forward). Consequently, two products were amplified, one for the
“generic” and another for the species-specific primer. The former confirms that
strongylid DNA is present and the latter if one of the five species is present. The range
of species described included sheep nematode species and also O. ostertagi, C.

oncophora, C. punctata from cattle and O. leptospicularis from deer.

The same approach was taken with some deer species but this was only described in
overview (Knight et al. 2011). They were not considered with other sheep and cattle
species to indicate whether the primer sets would exclude sheep and/or cattle nematode

species.
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1.5Control

1.5.1 Anthelmintics:

The development of the first broad spectrum anthelmintic thiabendazole
(benzimidazole) in 1961 changed the way to treat parasites. Since then, numerous drugs
have been developed (Lanusse and Prichard 1993). Anthelmintics can be classified by

their chemical structure and/or their mode of action.
In New Zealand there are only two action families of anthelmintics registered for deer.

e Benzimidazoles (BZ): albendazole, fenbendazole, and oxfendazole are currently
licenced for use in deer using the same dose rates as for cattle except for
albendazole for which the dose rate is 33% higher than for cattle.

e Macrocyclic lactones (ML): ivermectin, abamectin, eprinomectin and
moxidectin are currently licenced for use in deer but only as topical pour-on
formulations using the same dose rates as for cattle. There is little information
on the efficacy of other formulations.

Another broad spectrum action family includes levamisole. In the early 1980s a pilot
trial on deer infected with Dictyocaulus found that levamisole had a reduced efficacy
compared with cattle, suggesting that deer metabolized this drug faster (Mason 1982).
In a residue study where deer (n=9) were treated with a triple combination including
injectable moxidectin (2mg/kg), oral oxfendazole (18.12mg/kg) plus oral levamisole
(15mg/ kg) one animal had high levels of levamisole in fat 42 days post treatment, even
though the withholding time of levamisole in deer was speculated to be short (Lawrence
2015). This study illustrates the lack of understanding of anthelmintics in deer,
especially in combination. The study authors recommended not using these products

together within 42 days of slaughter.

The issue of speed of metabolism has also been explored for the other action families.
Watson and Manley (1985) observed that deer metabolized oxfendazole faster than
sheep. Similarly, Mackintosh et al. (1985) in a study on the pharmacokinetics and
efficacy of ivermectin and febantel observed that deer metabolised febantel faster than
cattle and sheep but the pharmacokinetic parameters for ivermectin were similar to
those in cattle. This would appear to be the only published information on

pharmacokinetics of MLs in deer.
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For efficient parasite control there should be a solid understanding of the
pharmacokinetics of the anthelmintic drugs to ensure an effective dose is used together
with an understanding of local nematode epidemiology so that factors such as weather,
season, stocking rate, age of the host, farm type can be considered. Relying only on
anthelmintics has led to an increase in the prevalence of anthelmintic resistance around
the world in all grazing ruminants. Deer farms in New Zealand are no exception.
Indeed, there is recent evidence of widespread resistance in the Ostertagia-type
nematodes to ML anthelmintics (Lawrence 2011; Lawrence et al. 2012; Hodgson 2013;
Lawrence et al. 2013; Mackintosh et al. 2013) and there is a report where there is clear
evidence of resistance to oxfendazole (Lawrence et al. 2013). This has posed significant
challenges to deer farmers, given that there are no other anthelmintics registered for
deer in New Zealand. Therefore, there is a growing interest to develop alternative

control methods which rely less on anthelmintic drugs.

1.5.2 Alternative methods

Some of the alternative methods to control nematodes are explained below.

1.5.2.1 Manipulating host immunity

1.5.2.1.1 Vaccination

An attenuated vaccine against Dictyocaulus viviparus in cattle (Jarrett and Sharp 1963)
has not proven to be fully protective against lungworm in deer (Johnson et al. 2003a).
The recent development of a commercial subunit vaccine against Haemonchus
contortus in sheep “Barbervax®” would not be useful for deer as this species is a minor

parasite in this host.

1.5.2.1.2 Improving the nutritional status of the animals

During periods when the animal has high demands for nutrients, e.g. the periparturient
period and also young animals growing rapidly, the immunological response has a
lower priority for available nutrients (Coop and Kyriazakis 1999). If the animals are
supplemented during these periods there can be a beneficial effect on parasite resistance
and/or resilience by the host. Protein supplementation has been shown to decrease FEC

and worm burdens in merino ewes (Kahn et al. 2003). However in the same study, the
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effect of supplementation for animals with a resistant genotype was less effective than

for randomly selected animals (Kahn et al. 2003).

1.5.2.1.3 Resistant genotypes

There are several examples where sheep have been selected for enhanced resistance to
nematodes. AgResearch developed lines of Romney sheep selected for high and low
faecal egg counts (Bisset et al. 1994; Bisset et al. 1996; Bisset et al. 2001). Similar,
lines of Merino sheep selected for enhanced resistance to Haemonchus contortus have
been selected in Australia (Woolaston 1992; Kahn et al. 2003).

1.5.2.2 Forages with nutraceutical properties

Some plants with higher content of condensed tannins (CT) have been considered to
have anthelmintic properties including Acacia karoo “Sweet Thorn” (Kahiya et al.
2003), Lysiloma latisiliguum “False Tamarind” (Brunet et al. 2008), Lespedeza cuneata
“Chinese Bushclover” (Shaik et al. 2006; Terrill et al. 2009), Acacia molissima
“Sydney Wattle” (Minho et al. 2008), Manihot esculenta “Cassava”, Hedysarum
coronarium “Sulla”, Onobrychis viciifoliae “Sainfoin”, Lotus pedunculatus “Big
Trefoil”, Lotus corniculatus “Birdfoot Trefoil”, Cichorium intybus “Chicory” (Hoste et
al. 2006), Salix spp. “Willow” (Mupeyo et al. 2011). The evidence for the anthelmintic
properties of these plants is variable and some are only from in vitro studies. Some of
this variation will be due to each plant having their own chemical characteristics,
concentration of CT and different mode of action (Naumann et al. 2013). There may
also be a difference in the response of each species of nematode (Hoste et al. 2006).
There is some evidence that condensed tannins may bind eggs in faecal material without
killing them but making them less likely to float in a faecal egg count (Mupeyo et al.
2011). Sesquiterpenes, as found in Chicory, are another group of plant secondary
metabolites which have been considered to have anthelmintic properties for deer

nematodes in vitro (Molan et al. 2003).

In a study of deer artificially infected with lungworm and GIN which were fed with
three different forage legumes (lucerne, birdsfoot trefoil and sulla), the group fed sulla
that contained the highest percentage of condensed tannins, had fewer abomasal
nematodes (p<0.05) than the other groups but the lungworm burdens were not different

(p>0.05) between the groups (Hoskin et al. 2000a).
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1.5.2.3 Biological control:

The use of biological control agents such as Duddingtonia flagrans, a micro-fungus able
to trap larvae in faeces, has been investigated in many different experiments in recent
years. For example, experiments in sheep have demonstrated that D. flagrans spores are
able to survive passage through the gastrointestinal tract (Larsen et al. 1998) and are
then subsequently able to reduce the number of infective larvae in faeces in the
environment (Faedo et al. 1997; Faedo et al. 1998; Waller et al. 2001). To date there has
been no successful commercial product where a mechanism allowing slow release of

spores has been developed for grazing ruminants.

1.5.2.4 Grazing management:

Grazing management has been investigated many times for control of GIN. Hoste and
Torres-Acosta (2011) proposed two main types of grazing strategies which they

classified as defensive or offensive.

e Defensive: To avoid parasites
- Decrease the stocking rate (diluting) or rotational grazing (evasive).

e Offensive. To decrease the availability of nematodes by removal of
infective stages on pasture.
- Grazing alternate species which are not hosts for the target

nematodes (Hoste and Torres-Acosta 2011).

Cross-grazing

The principle that underlies this approach is that most nematode species have a
preferential host and if they are ingested by another host, they die or they establish at a
lower rate, consequently restricting the number of L3 on pasture. The value of cross/co-
grazing by different species for pasture decontamination has been described by several
authors — see Appendix 1 Section 1 for a summary of field studies on this aspect.
Reviewing all these studies it is apparent that the main aim of these field studies was
decontamination of sheep pasture by grazing with cattle (Arundel and Hamilton 1975;
Donald et al. 1987) or cattle pasture by grazing with sheep (Barger and Southcott 1975)
or both (Southcott and Barger 1975; Helle 1981; Inderbitzin et al. 1981; Jordan et al.
1988). The design of the studies depended on their specific objectives, some of them
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focusing on how often to alternate (Barger and Southcott 1975; Southcott and Barger
1975; Barger and Southcott 1978), others on the different proportion and stocking rate
of the two ruminants species to achieve effective nematode control (Arundel and
Hamilton 1975) whilst another investigated the balance between the quality of pasture
composition versus the reduction of nematodes (Moss et al. 1998). Only one field study

has been reported in New Zealand investigating this option (Moss et al. 1998).

Only some of these studies were replicated (Barger and Southcott 1978; Jordan et al.
1988; Marley et al. 2006; Bailey et al. 2009; Mahieu 2013) which limits the ability to
statistically analyse those without replication. Also, most of the studies were executed
without rotation of paddocks, particularly the earlier studies (Arundel and Hamilton
1975; Barger and Southcott 1975; Southcott and Barger 1975; Barger and Southcott
1978; Helle 1981; Donald et al. 1987; Jordan et al. 1988; Bairden et al. 1995; Amarante
et al. 1997; Marley et al. 2006). More recently many do include rotation (Inderbitzin et
al. 1981; Moss et al. 1998; Rocha et al. 2008; Bailey et al. 2009; Mahicu and Aumont
2009; Sormunen-Cristian et al. 2012; Mahieu 2013) but it does complicate the design

and execution of such studies.

With a few exceptions, most of the studies found that cross infection of nematodes
between cattle and sheep/goats was low and vice versa. In Australian studies, the
pathogenic nematode O. ostertagi was reduced following cross grazing with sheep
(Barger and Southcott 1975; Southcott and Barger 1975) and as this is considered to be
the most pathogenic species in cattle, it was indicating a positive effect. Reductions
were also noted in C. oncophora burdens (Southcott and Barger 1975) but as these are
considered to be less pathogenic, they are of less importance. For sheep, cross-grazing
has demonstrated a reduction in three of the more pathogenic species being T.
circumcincta (Arundel and Hamilton 1975; Southcott and Barger 1975; Donald et al.
1987), H. contortus (Southcott and Barger 1975; Barger and Southcott 1978; Donald et
al. 1987, Amarante et al. 1997, Mahieu and Aumont 2009) and T. colubriformis
(Southcott and Barger 1975; Barger and Southcott 1978; Amarante et al. 1997). None
has demonstrated a significant effect on the small intestinal nematode T. vitrinus, but
that is largely because in the studies this species was not present or it was in low
numbers. The abomasal worm T. axei is capable of infecting a variety of species
including sheep, cattle and deer. Worm burdens in cattle when co/cross-grazing with

sheep resulted in a reduction of T. axei, but in sheep co/cross-grazing with cattle the
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results are somewhat contradictory. In two studies in Australia one showed reductions
of T. axei in sheep when cross-grazing with cattle (Barger and Southcott 1978) whilst a
second found higher burdens when co-grazing with cattle (Arundel and Hamilton 1975).
The differences observed in these studies may be related to systems used, cross-grazing
versus co-grazing. There is also a suggestion that some strains of T. axei have a

predilection for sheep or cattle which may have influenced these results

In some studies the prevalence of C. oncophora in sheep was greater when they were
grazing with cattle than on their own (Arundel and Hamilton 1975; Barger and
Southcott 1978; Mahieu and Aumont 2009). Similarly, higher numbers of H. contortus
were reported in cattle when co/cross-grazing sheep (Southcott and Barger 1975;
Mahieu and Aumont 2009). For both these species the alternate ruminant is considered
a secondary host so the finding is not unexpected but does illustrate that such co/cross-

grazing systems can result in negative outcomes for the grazing animals.

When comparing egg counts for mono-grazing, cross-grazing or co-grazing, some
studies found differences only in some months, others over the whole study and others
no differences. In the UK, Marley et al. (2006) found that for lambs cross-grazing with
cattle, the egg counts were lower compared to lambs co-grazing with cattle and mono-
grazing on their own. In Australia, Bailey et al. (2009) and Barger and Southcott (1978)
found lower egg counts in lambs cross-grazing with cattle compared with the control
lambs. Similarly, Mahieu and Aumont (2009) in the Caribbean observed that young
lambs cross-grazing with cattle had lower egg counts than mono-grazing lambs during
the dry and rainy season and the same differences were seen in older lambs during all
seasons, except in weaners in the rainy season. Egg counts in calves that were cross-
grazing with sheep in Norway were lower compared with those mono-grazing (Helle
1981). Similarly, in a study in Switzerland, differences between mono- and cross-
grazing in calves were seen only in some months in the third and fourth year of the
study and mono-grazing had higher counts than cross-grazing (Inderbitzin et al. 1981).
Overall, there is generally some benefit in terms of egg counts seen at some times in all

these studies but the results do vary.

Regardless of egg counts the real interest is in differences in worm burdens or more
importantly weight gains. Interestingly, even if egg counts in sheep co-grazing with

cattle were higher than when they were cross-grazing, the liveweight of the lambs
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behaved inversely and lambs co-grazing had higher weights compared with cross-
grazing (Helle 1981; Marley et al. 2006) or mono-grazing lambs (Jordan et al. 1988),
indicating that there is also a pasture quality effect when the two species are sharing
grassland. Liveweight of calves were superior when cross-grazing compared to co-
grazing with sheep (Helle 1981) and Jordan et al. (1988) found that even if the calves in
the co-grazing group had lower egg counts than the controls, they still had lower
liveweight. However, not all studies found positive effects on egg counts or worm
burdens. In New Zealand Moss et al. (1998) did not find any significance difference in
egg counts or in worm burdens, but they did find a significant effect in the reduction of
pasture larval numbers when cattle grazed sheep pasture and also an increase in lamb
carcass weight. They concluded that the increase in lamb weight was largely due to the

improved pasture quality following cattle grazing.

One study in the UK reported reductions in worm burdens in the initial 2 years of the
study but not in the third or fourth year (Bairden et al. 1995), which they indicated was
most likely due to larvae surviving on pasture in sufficient numbers over the 18 month
period until the pasture was grazed by the same host species again. It is not stated if
there was a growth rate advantage in the first two years concurrent with the reduced

worm burdens.

As discussed above a review of the usefulness of co/cross-grazing systems endeavours
to merge a number of different, often confounding factors together to achieve a useful
result. There are differences in pathogenicity between nematode species, the various
studies usually concentrate on the more pathogenic ones. Environmental conditions play
an important role in the epidemiology in different seasons and climates, Haemonchus
and Cooperia are more prevalent in subtropical and tropical climates, Ostertagia and
Nematodirus in temperate regions and Trichostrongylus can be found throughout a
variety of climates. Apart from the co/cross-grazing system, other grazing management
factors can also influence the mixture and the quantity of nematodes. Higher stocking
rates will increase the infection rate and more extensive management will decrease the
infectivity; better nutritional status of the animals will increase the immunological
response and/or resilience of the animals. Another factor that can modify the results is
the age of the animals and their previous exposure to nematodes. Therefore, to have an
effective parasite control with co/cross-grazing management and to be able to compare

the different approaches in these studies, all of these factors must take into account.
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Even though there are many studies on cross-grazing or co-grazing between sheep and
cattle, there are no studies on the usefulness of cross-grazing between deer and other

ruminant animals as a means of parasite control for deer.

1.6 Summary

In summary, this literature review includes information pertinent to the investigations of
this thesis which were necessary to implement and to understand the results of the
different studies. Firstly, it provides a general introduction and history of deer farming.
Later it describes in detail published material on some aspects of deer nematodes
including pathogenicity, diagnosis and control with emphasis on gastrointestinal
nematodes. It describes a range of nematodes species that are found in deer including
nematodes of cattle and sheep, giving related information about pathogenicity,
epidemiology and their life cycle. Additionally, it provides information about different
diagnostic techniques for assessing both qualitative and quantitative identification of
nematodes. Finally, this literature review covers some aspects of nematode control with
emphasis on cross-grazing including a wide range of important information on

nematodes on farmed deer.
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Chapter 2 Analysis of the pathogenicity and diagnosis of
Gl nematode infections in young farmed red deer —

Initial Study

2.1 Introduction

The impact of gastrointestinal nematodes (GIN) on young deer is poorly understood. It
is known that deer are infected by a relatively limited range of species which are mainly
concentrated in the abomasum, including deer-specific nematodes in the sub-family
Ostertaginae  (=Ostertagia-type; Spiculopteragia asymmetrica, Spiculopteragia
spiculoptera and Ostertagia leptospicularis) and Trichostrongylus spp. Also, deer can
be infected with some GIN of sheep and cattle including; Haemonchus contortus,
Oesophagostomum venulosum, Teladorsagia circumcincta, Trichostrongylus vitrinus,
Nematodirus spp., Chabertia ovina, Cooperia oncophora. Cooperia punctata, Cooperia
pectinata and Cooperia curticei (McKenna 2009a; Tapia-Escarate et al. 2015b; Chapter
5).

Since the commencement of deer farming in New Zealand in the late 1960s it has been
recognised that lungworm was an important helminth pathogen. In these early days of
deer farming the impact of gastrointestinal parasitism appeared minimal and they would
be controlled in young deer as they were treated for Dictyocaulus. However, the impact
of gastrointestinal parasites has likely been underestimated and recent evidence of
widespread resistance by the Ostertagia-type nematodes to ML anthelmintics
(Lawrence 2011; Lawrence et al. 2012; Hodgson 2013; Lawrence et al. 2013;
Mackintosh et al. 2013) and evidence of resistance to oxfendazole in these same
nematodes (Lawrence et al. 2013) has increased the relative importance of this group of
nematodes. Early studies in deer in New Zealand did not separate GIN as they only
evaluated the combined impact of both lungworm together with GIN (Wagner and
Mackintosh 1993b; Waldrup and Mackintosh 1993; Waldrup et al. 1994; Hoskin et al.
2000a; Hoskin et al. 2000b) and no studies have been reported involving just infections

with gastrointestinal nematodes.
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The aim of this study was to determine the relative importance of different levels of
artificial infection with a mixed challenge of GIN in young housed deer and to obtain
additional information about the relationship between clinical pathology and worm

burdens.

2.2 Materials and methods

2.2.1 Experimental Design

The overall study design involved 45 deer allocated into three treatment groups (n=11
each) and one control group (n=12). Deer in the treatment groups were trickle infected
3 times per week with a mixed culture of GIN. The treatment groups comprised one
group given a High Dose (HD) challenge, the second a Medium Dose (MD) challenge
and the third a Low Dose (LD) challenge. Infections were originally intended to
proceed for seven weeks with a further four weeks to allow parasites to mature.
However, development of clinical signs shortened the time over which the trickle
infection continued. The occurrence of clinical disease also prompted a supplementary
experiment utilising the original control group of animals which is described in Chapter

3.

The schedule of events for the trial is shown in Table 0.1. Several deer in the HD and
MD groups displayed clinical signs of parasitism and were slaughtered for worm

counts, 21 and 18 days, respectively, earlier than planned.

Table 0.1 Schedule of treatment, management events and measurements.

Days of Trial Event

-35-0 45 deer weighed, and allocated to 8 pens of 5-6 deer each to adjust to
group housing and lucerne chaff-based diet. Weekly: sampling for
faecal egg and larvae counts, group mean voluntary food intake (VFI)

and individual liveweight gain (LWGQG).

1-7 Groups randomly assigned to treatment. VFI and liveweight
measured, faecal and blood samples obtained, and group VFI. Trickle

infection 3x per week.
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Days of Trial Event

8-14 Trickle infection 3x per week. Weekly measurement of weights,

faecal and blood samples and group VFI.

15-21 Trickle infection 3x per week. Weekly measurement of weights,

faecal and blood samples and group VFIL.

22-28 Trickle infection 3x per week. Weekly measurement of weights,
faecal and blood samples and group VFI. HD group euthanased for

worm counts on Day 28.

29-35 Trickle infection 3x per week, MD group euthanased for worm

counts on Day 31

36-38 Low treatment group euthanased for worm counts on Day 38

2.2.2 Animals

Weaner red deer (Cervus elaphus, n=45) were purchased from several sources. All
animals had been reared on pasture up to the start of the study. On arrival all were
effectively treated with an anthelmintic, ranked by weight and randomly allocated to
groups with 5-6 animals per indoor pen on sawdust bedding. Animals in each pen were
on the same treatment group. During the study animals were fed a combination of
commercially available baleage (FibreEzy®, Fibre Fresh Feeds Ltd., Reporoa, New

Zealand) supplemented with oats.

2.2.3 Source of Larvae and treatments

Larvae were obtained from six Massey University-born weaner red deer naturally
infected fitted with faecal collection bags. To increase the faecal egg counts and
minimize the time needed for sample collection these donor deer were given
intramuscular dexamethasone sodium phosphate (0.25mg/kg twice a week). The
collected faeces were mixed with vermiculite and cultured at 23°C for 2 weeks. The
infective larvae were recovered with a standard Baermann apparatus. The same source
of larvae was used for all the treatment groups. Three groups of larvae (100 each) were

identified morphologically and comprised 0.66% (range=0-1%) Haemonchus, 6%

39




(range=3-8%) Trichostrongylus, 40% (range=38-42%) Ostertagia-type and 53%
(range=52-54%) Oesophagostomum. The number of larvae given to each group was
calculated for the Ostertagia-type component and are shown in Table 0.2 . The dose
rates for Ostertagia-type nematodes used in this experiment for the HD Group were
similar to those used by Hoskin et al. (2000b) where no clinical signs were observed,

but an effect on growth rate was seen.

Table 0.2 Treatment regime showing number of larvae per individual dose as given

three times per week and the total number of larvae given during the experimental

period.
Dose of Dose of
Dose of Dose of
Ostertagia-type Oesophagostomum spp. Haemonchus sp. | Trichostrongylus spp.
Treatment L3 L3
L3 L3
Group
Individual Total Individual Total Individuall Total lindividual Total
(range) (range) (range) (range) (range) | (range) | (range) (range)
2500 30000 3333 40000 42 500 375 4500
HD
(2375-2625) | (28500-31500) (3250-3375)| (3900-40500) | (0-63) [(0-750)| (188-500) (2250-6000)
1500 19500 2000 26000 25 325 225 2925
MD
(1425-1575) | (18525-20475)((1950-2025)|(25350-26325)| (0-38) |(0-488)|(113-300)|(1463-3900)
500 8000 667 10667 8 133 75 1200
LD
(475-525) (7600-8400) | (650-675) |(10400-10800)| (0-13) [(0-200)| (38-100) | (600-1600)

2.2.4 Measurements

Liveweight was measured weekly for liveweight gain, and voluntary feed intake
(VFI=Offered-Rejected) was measured by pen (5-6 animals/pen), on a daily basis. To
crudely estimate individual voluntary feed intake, the feed consumed per pen was
divided by the number animals in that pen. Blood samples were collected into plain
(until Day 29) and EDTA (until Day 22) vacutainers via jugular venepuncture while

deer were physically restrained in a pen. Blood parameters including total serum
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protein, serum albumin and globulin, white blood cell counts (including individual
components; neutrophils, lymphocytes, monocytes, eosinophils, basophils), red blood
cells, haemoglobin and packed cell volume were calculated in a commercial laboratory

(New Zealand Veterinary Pathology) using equipment calibrated for deer samples.

Pepsinogen concentrations were determined using a method that has been validated
previously in sheep (Scott et al. 1995) after adopting minor modifications (Simcock et
al. 1999). The method is based on the digestion of glycine-buffered BSA following the
conversion of pepsinogen to pepsin at pH < 2. Peptic activity is then calculated from the

quantity of tyrosine-containing peptide fragments liberated by digestion.

Faecal egg counts were estimated using a modified McMaster Technique where each

egg counted represented 50 eggs/g (Appendix 7 SOP 1).

Worm counts were estimated (Appendix 7 SOP 6) using guidelines described by
WAAVP (Wood et al. 1995). After slaughter by captive bolt, the recovered
gastrointestinal tract from each deer was separated into different organs (abomasum,
small intestine and large intestine) and frozen at -20°C until further processed.
Individual organs were later thawed and thoroughly washed to a measured volume. A
5% aliquot was removed and sieved through a 37.5 pm sieve. In addition, the abomasal
tissue was subject to digestion in pepsintHCL at 37°C until the mucosal tissue was
disrupted, then 5% aliquots of these were also counted. The parasites present were

counted using a stereo microscope at 40X magnification.

For the identification of the species, male worms (up to 50) in the abomasum and small
intestine and adults (females and males) in the large intestine were recovered and fixed
in 70% alcohol to identify to species. If less than 50 males in the abomasum and small
intestine were recovered, then all available male nematodes were examined. In addition,
the abomasum and large intestine were subject to a pepsin digest to recover immature
larvae. This comprised a digest mixture of 0.4% Pepsin (Pepsin A, BDH 390324L) +
1.7%HCI with the tissue digested for 2 hours (Appendix 7 SOP 6).

To estimate establishment rates by genus in the abomasum the adult worm burdens were
divided by the total number of larvae given up to 12 days before euthanasia. For
Oesophagostomum spp. the establishment rates were estimated taking into account the

number of doses up to 21 days before euthanasia.
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2.2.5 ldentification of Oesophagostomum sikae

Nematodes in the large intestine conforming to the morphological description of O.
sikae (Popova 1965) were confirmed as the species present by PCR comparing it with
the sequence described by Patrelle et al. (2014) and against O. radiatum from cattle in
New Zealand. For that, three O. sikae of deer origin and four O. radiatum of cattle
origin were lysed in a “lysis solution” for the DNA extraction and then the ITS-2 rDNA
regions were amplified, cloned and sequenced as published by Bisset et al. (2014).

2.2.6 Statistical Analyses

All statistical analyses were carried out using SAS (Statistical Analysis System, version
9.2; SAS Institute Inc., Cary, NC, USA). Repeated measures of FEC, blood parameters,
daily weight gain and voluntary feed intake on the same animals were analysed using
the MIXED procedure with a linear mixed model. The model included the fixed effect
of treatment, day, interactation of treatment-by-day and the random effect of animal to
account for repeated measures. The residuals were assumed to be correlated with a
compound symmetry covariance structure. Faecal egg counts and worm burdens were
transformed by natural logarithm plus one, prior to analysis to normalize the data.
Because the different groups were slaughtered at different times, comparisons between
them were performed only where all treatment groups were present. Serum was
available until Day 28 for HD and 29 for MD and LD but values from whole blood were
only available until Day 22. Thereafter treatment groups were not compared as repeated
measurements and were analysed by day. The least squares means (LSM) and standard
errors were obtained and used for multiple comparisons using the least significant
difference test as implemented in SAS. The LSM for log (FEC+1) and log (worm

burden+1) were presented as back-transformed LSM with 95% confidence intervals.

2.3 Results

2.3.1 Faecal Egg Counts

A summary of LSM of faecal egg counts until Day 29 for all treatment groups is

presented in Figure 0.1. The faecal egg counts in the Control Group were constantly
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zero. Until Day 29, there was a significant difference in LSM egg count between

treatment group (p=0.002), day (p <0.0001) and an interaction between them (p<0.001).

Significant differences started from Day 22 where the HD Group had higher egg counts
than the LD (p< 0.0001) and MD (p < 0.001) groups. At Day 29 all groups were
different from each other: HD > MD (p=0.025), HD > LD (p<0.0001), MD > LD
(p=0.027).

Figure 0.1 Least square means and 95% confidence interval of faecal egg counts from
Day 1 (first treatment dose) to Day 29 according to Low Dose =8, Medium Dose

and High Dose groups—.

2.3.2 Worm Counts

Data are presented in Table 0.3 to Table 0.6.
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Table 0.3 Least square means (and 95% confidence interval) of abomasal nematode

counts
Ostertagia-type Haemonchus sp. Trichostrongylus Lfgvl\ie
Group LSM LSM spp. LSM
(1) (1) (1) (€D
9686 173 0 1896
HD
(8594-10915) (87-343) (-1-0) (1348-2668)
6029 80 0 579
MD
(5350- 6795) (40- 159) (0-1) (412- 816)
2227 30 0 80
LD
(1976- 2510) (15- 60) (-1- 0) (56- 113)

HD (High Dose Group), MD (Medium Dose Group) and LD (Low Dose Group).

Abomasum: Four species of the subfamily Ostertaginac were recovered from the

treated deer. The order of frequency was S. spiculoptera > S. asymmetrica > O.

leptospicularis (including O. kolchida) > T. circumcincta as presented in Table 0.4. Too

few Trichostrongylus adults were found to be able to identify which species were

present.

Table 0.4 Least square means (and 95% confidence interval) of the identified

Ostertagia-type nematodes.

S. spiculoptera S. asymmetrica O. leptospicularis T. circumcincta
G LSM LSM LSM LSM
roup
(CD (CDhH (CDH (CDH
5582 1104 1689 1
HD
(4776- 6523) (487-2499) (1222-2336) (0-6)
3361 1579 927 1
MD
(2876- 3928) (697- 3575) (671-1282) (0-6)
1200 634 308 1
LD
(1027- 1402) (280- 1437) (223- 426) (0-5)

HD (High Dose Group), MD (Medium Dose Group) and LD (Low Dose Group).
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Table 0.5 Least squares means (and 95% confidence interval) of Oesophagostomum

spp. worm counts in the large intestine.

Oesophagostomum spp. Larvae O. venulosum O. sikae
G LSM LSM LSM LSM
roup
(CD) (CD (Cn (CDH
1784 2701 1810 1
HD
(1236-2575) (87- 343) (1227-2671) (0-5)
923 1371 885 12
MD
(639-1332) (15- 60) (610- 1282) (4- 36)
582 450 577 1
LD
(403- 841) (40- 159) (398- 836) (0-6)

HD (High Dose Group), MD (Medium Dose Group) and LD (Low Dose Group).

Small Intestine: there were very few nematodes in any group. There were negligible
numbers of Trichostrongylus (T. colubriformis and T. vitrinus) and Cooperia (C.

punctata, C. pectinata) in all the treatment groups.

Large Intestine: Two species were recognized: O. venulosum was the predominant
species with a small proportion of Oesophagostomum sikae also being identified
(Patrelle et al. 2014). No additional adult or larval nematodes were recovered after
pepsin/HCI digestion of the large intestine. Numerous inflammatory nodules in the
mucosa of the terminal small intestine and large intestine together with oedema and a
general inflammatory response in the large intestine were observed (examples presented
in Figure 0.2). Examination of the species of Oesophagostomum revealed the

predominance of O. venulosum but some adult O. sikae were also recovered (Table 0.5)
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Figure 0.2 Large intestine and small intestine nodules and oedema from deer in the

Medium Dose Group

Table 0.6 Number of doses, total number of larvae administered, and establishment rate

(% worms counted/total larval dose until 12 days before slaughter), for each abomasum

genera in each group.

Total larvae given

Establishment rate (%)

N° doses
Group until 12 Ostertagia- Haemonchus | Trichostrongylus
days before type spp. spp. Ostertagia- | Haemonchus | Trichostrongylus
slaughter type spp. spp.
( range) (range) (range)
20000 336 3000 48 51 0
HD 8
(19000-21000) (0-504) (1500-4000) (32-59) (18-107) (0-0)
13500 225 2025 45 36 0
MD 9
(12825-14175) (0-338) (1013-2700) (31-56) (0-89) (0-1)
6000 96 900 37 31 0
LD 12
(5700- 6300) (0-144) (450-1200) (25-55) (0-125) (0-2)

HD (High Dose Group), MD (Medium Dose Group) and LD (Low Dose Group).
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Table 0.7 Number of doses, total larvae administered and establishment rate (%, No

worms counted/total larval dose until 21 days before slaughter) of Oesophagostomum

Spp.
Total larvae Establishment rate (%)
(range)
N° of doses until 21 days before
Group slaughter. Oesophagostomum spp.
13332 13
HD
4 (12998-13499) (8-23)
10000 9
MD
5 (9750-10125) (1-19)
5336
LD 11
8 (5203-5403) (5-18)

HD (High Dose Group), MD (Medium Dose Group) and LD (Low Dose Group).

2.3.3 Blood parameters

1.5.2.5 Albumin Levels

A summary of LSM of albumins levels until Day 29 for all treatment groups is
presented in Figure 0.3. Up to Day 29, when the first deer required euthanasia, repeated
measures showed a significant difference between treatments (p<0.001), day (p<0.0001)
and the interaction between treatment and day (p<0.0001). Overall, the Control Group
had significantly higher serum albumin values than the MD Group (p<0.01) and the HD
Group (p=0.001) but not the LD group (P>0.05). The LD Group also had significantly
higher serum albumin values than the HD Group (p=0.009).

On Day 29, the Control Group had significantly higher serum albumin values than the
LD Group (p=0.022), the MD Group (p<0.0001) and the HD Group (p<0.0001). The
LD Group had significantly higher serum albumin than the MD Group (p<0.0001) and
the HD Group (p<0.0001). The MD Group was not significantly different to the HD
Group (p=0.078).
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Figure 0.3 Least square means (+ SE) of serum albumin values (g/l) from Day -14 (pre-
treatment) to Day 29 for the Control =*= , Low Dose —#, Medium Dose and High

Dose groups=—.

1.5.2.6 Globulin Levels

A summary of LSM of globulin levels until Day 29 for all treatment groups is presented
in Figure 0.4. Until Day 29, repeated measures showed a significant difference between
treatments (p<0.0001), day (p<0.0001) and the interaction between treatment and day
(p<0.0001). Overall, the Control Group had significantly lower serum globulin values
than the LD Group (p=0.006), MD Group (p<0.0001) and the HD Group (p<0.0001).

At Day 29, the Control Group had significantly lower serum globulin levels than the
LD Group (p<0.001), the MD Group (p<0.0001) and the HD Group (p<0.0001). The
LD Group was marginally not significantly different than the MD Group (p=0.06).
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Figure 0.4 Least square means (+ SE) of serum globulin values (g/l) from Day -14 (pre-
treatment) to Day 29 for the Control == , Low Dose -, Medium Dose and High

Dose groups=—.

1.5.2.7 Serum albumin to Globulin Ratios

A summary of LSM of the serum albumin to globulin ratios until Day 29 for all
treatment groups is presented in Figure 0.5. Until Day 29, repeated measures showed a
significant difference between treatments (p<0.0001), day (p<0.0001) and the
interaction between treatment and day (p<0.0001). Overall, the Control Group had
significantly higher serum albumin to globulin ratio than the LD Group (p=0.002), MD
Group (p<0.0001) and the HD Group (p<0.0001). The LD Group also had significantly
higher serum albumin to globulin ratio than the MD Group (p=0.006) and the HD
Group (p=0.009).

At Day 29, the Control Group had significantly higher albumin to globulin ratio than the
LD Group (p<0.0001), the MD Group (p<0.0001) and the HD Group (p<0.0001). The
LD Group had significantly higher albumin to globulin ratio than the MD Group
(p<0.0001) and the HD Group (p<0.0001).
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Figure 0.5 Least square means (£SE) of serum albumin to globulin ratios from Day -14
(pre-treatment) to Day 29 for the Control =*= , Low Dose %, Medium Dose and

High Dose groups==.

1.5.2.8 Eosinophil counts

A summary of LSM of eosinophil counts until Day 22 for all treatment groups is
presented in Figure 0.6. Until Day 22, repeated measures showed a significant
difference between treatments (p<0.001), day (p<0.0001) and the interaction between
treatment and day (p<0.0001). Overall, the Control Group had significantly lower
eosinophils counts than the LD Group (p<0.001), MD Group (p=0.0001) and the HD
Group (p<0.001).

At Day 22, the Control Group had significantly lower eosinophil counts than the LD
Group (p<0.0001), the MD Group (p<0.0001) and the HD Group (p=0.007).

50



Eosinophils (x10° cell/l)
w

Days

Figure 0.6 Least square means (+SE) of eosinophil counts (x10° cells/l) from Day -14
(pre-treatment) to Day 22 for the Control =*= , Low Dose-#, Medium Dose and

High Dose groups==.

1.5.2.9 Basophil counts

A summary of LSM of the serum basophil counts until Day 22 for all treatment groups
is presented in Figure 0.7. Until Day 22, repeated measures showed a significant
difference between treatments (p=0.006), day (p<0.0001) and the interaction between
treatment and day (p<0.0001). Overall, the Control Group had significantly lower
basophil counts than the LD Group (p=0.03) and the HD Group (p<0.001). Also, the
MD Group had significantly lower basophil counts than the HD Group (p=0.03).

At Day 22, the Control Group had significantly lower basophil counts than the LD
Group (p<0.0001), the MD Group (p=0.001) and the HD Group (p<0.0001). The HD
Group had significantly higher basophil counts than the LD Group (p=0.037) and the
MD Group (p=0.004).
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Figure 0.7 Least square means (+SE) of basophil counts (x10° cells/l) from Day -14
(pre-treatment) to Day 22 for the Control =*= , Low Dose -#, Medium Dose and

High Dose groups ==

1.5.2.10  Other blood parameters

No significant differences (p>0.05) between treatment groups were seen for neutrophils,
lymphocytes, monocytes, red blood cells, haemoglobin, packed cell volume, pepsinogen

levels, or the interaction between treatment and day of trial for each parameter.

2.3.4 Liveweight gain

A summary of LSM of the liveweight gains until Day 22 for all treatment groups is
presented in Figure 0.8. Until Day 22 repeated measures showed a significant difference
between treatments (p<0.0001), intervals between days (p<0.0001) and the interaction
between treatment and intervals between days (p<0.0001). Overall, the Control Group
had significantly higher liveweight gains than the MD Group (p<0.01) and the HD
Group (p<0.0001). Also, the LD Group had significantly higher liveweight gains than
the MD Group (p=0.03) and the HD Group (p<0.001).

In the interval between Day 15 and Day 22, the HD Group had significantly lower
liveweight gains than the Control Group (p=0.025), the LD Group (p=0.003) and the
MD Group (p=0.022).
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Figure 0.8 Least square means (+SE) of the daily growth rate (kg/day) from the interval
Day -14 (pre-treatment) to Day 1 (first treatment dose) up to the interval Day 15 to Day

22 for the Control =*= , Low Dose =8, Medium Dose and High Dose groups == .

2.3.5 Voluntary Feed intake

A summary of LSM of the crude individual voluntary feed intake until Day 27 for all
treatment groups is presented in Figure 0.9. Until Day 27, repeated measures showed a
marginally non-significant difference between treatments (p=0.051), but significant
difference between days (p<0.0001) and significant interaction between treatment and
days (p<0.0001). Overall, the HD Group had a significantly lower feed intake than the
Control Group (p=0.019) and the LD Group (p=0.024).

At Day 27, the Control Group had a significantly higher feed intake than the MD
Group (p<0.001) and the HD Group (p<0.0001). The LD Group had significantly higher
feed intake than the MD Group (p<0.001) and the HD Group (p<0.0001).
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Figure 0.9 Least square means of daily intake (kg/head/day) from Day 0 (1 day pre-
treatment) to Day 27 for the Control ——, Low Dose =, Medium Dose and High

Dose =——groups

Feed intake was rapidly reduced over the first weeks of infection in the HD Group, and
was significantly different from the Control groups from Day 4 onwards (p=0.004).
Significant differences between the MD Group and the Control Group were observed

from Day 9 (p=0.021).

There were no differences between the Control Group and the LD Group (p>0.05).

2.4 Discussion

The aim of this trial was to investigate the impact of GIN on food intake, weight and
haematological and biochemical markers, with a focus on the Ostertagia-type
nematodes because of their importance for deer. The infective dose used in this trial was
intended to infect the deer with sufficient Ostertagia-type nematodes to cause an effect
on growth rate but without overt clinical signs. The number of Ostertagia-type larvae
given was similar to those used by Hoskin et al. (2000b) where an effect on growth rate
was observed in the absence of clinical signs. In the present study the mixed dose of
larvae also contained a high proportion of Oesophagostomum spp. larvae. Historically
this was presumed to be O. venulosum as this has been the only Oesophagostomum
species seen on the Massey University deer farm (Hoskin et al. 2000a; Hoskin et al.

2000b). In this study O. venulosum was the predominant species but a small proportion
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of O. sikae were also identified. O. sikae has not previously been recognised in New
Zealand although it does morphologically resemble Oesophagostomum radiatum which
has been reported once previously (McKenna 1999). Hence, while some aspects of this
study were terminated early and therefore the objectives were not fully met, despite
achieving significant results, this study yielded important novel observations of clinical
and production significance to deer, relating to the pathogenicity of Oesophagostomum

species.

The onset of clinical signs at Day 22 in the HD treatment group followed by the MD
Group was most likely due to the occurrence of numerous inflammatory nodules in the
mucosa of the terminal small intestine and large intestine together with substantial
oedema and a general inflammatory response around the large intestine. The first report
of O. radiatum in deer in New Zealand, which was likely to be misidentified as O.
sikae, did not mention if nodules were seen (McKenna 1999). It is generally accepted
that O. venulosum is a non-pathogenic parasite and does not induce nodule formation in
natural infections. However, in previous experiments with heavy infections in sheep it
has induced the formation of nodules together with diarrhoea (Goldberg 1952; Clark et
al. 1978). It is unknown if O. sikae induced the nodule formation, but it may have
contributed as nodules have never been reported in the large intestine of deer previously

with O. venulosum.

The measured establishment rate of Oesophagostomum spp. was consistent between the
three infected groups but not as high as would be expected commensurate with the
damage. However, the establishment rate recorded was likely lower than in reality
because larvae, which likely contributed to the tissue pathology, could not be counted. It
was intended that the larvae would be recovered from the mucosa of the large intestines
with pepsin digestion, but this procedure was not effective at releasing the larvae. The
minimum prepatent period for O. venulosum is 28-31 days with the larvae within the
mucosa for the first 4 days before emerging as L4 and then maturing (Anderson 2000).
O. radiatum spend 7-14 days within the mucosa before emerging as L4 larvae and
continuing to mature (Anderson 2000). Assuming O. sikae is similar to O. radiatum, it
is plausible that many of the larvae given to these deer may still be within the mucosa.
There are no previous reports as to whether O. sikae induce nodule formation but given
the findings here it seems likely that they contributed to the gross pathology and clinical

signs seen.
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For other types of GIN the overall establishment rates were similar between the
treatment groups. In sheep and cattle, immature adult Ostertagia-type nematodes are
expected to emerge from the lumen of the abomasum between 7 and 10 days after
infection (Wood et al. 1995). However, for species in deer this information is not
available. Therefore, to calculate the establishment rate of Ostertagia-type species in
deer the timing of development in other ruminants was extrapolated to deer. The
establishment rates in these young deer were higher (37% - 48%) than establishment
rates of T. circumcincta (23.4%) in repeated experimental infections in sheep (Gaba et
al. 2006). This may have occurred because the establishment rate can vary depending of
the immunological response of the host and the virulence of the parasite and in this

study another host species and another nematodes species were being investigated.

For H. contortus the immature adult parasites are present from about 9 to 11 days after
infection (Wood et al. 1995). The establishment rate for Haemonchus sp. larvae
observed in this study (31-51%) was also higher than that observed in another study in
which young deer were infected with a single dose of sheep gastrointestinal nematodes
and where the establishment rate only reached 10% (Tapia-Escarate et al. 2015b;
Chapter 5). An explanation for this difference could be that H. contortus of deer origin
can establish more successfully in deer than H. contortus of sheep origin. Nevertheless,
both results suggest that this species could establish clinically significant burdens in

deer.

The establishment rate for Trichostrongylus was particularly low and the reason for this
is not apparent as T. axei in particular has been found to be present in other studies
(Chapters 4, 5 and 6) in at least modest numbers. Only one T. askivali was observed in

one deer.

The blood and serum biochemistry results reflect a classic response to parasite challenge
related to damage to the gut with a rapid turnover rate of cells and a host immune
response. There was a marked serum albumin decrease and a globulin increase over the
course of the study with a clear relationship to the dose rate. Therefore, as expected,
over time there was a decrease in the albumin:globulin ratio. This has been associated
with O. ostertagi in cattle (Murray et al. 1970) and with T. circumcincta in sheep
(Coop et al. 1982), but also with heavy infections with O. venulosum in sheep (Badrie

and Kamenov 1982). In addition, again associated with the immune response to
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parasitic infection, there was a similar increase related to dose rate in the eosinophil and
basophils counts. It is well known that eosinophils and basophils are associated with an
immune response against helminth infections mostly linked with Type 2 immune
responses. Both of these cell types have cytoplasmic granules that are released upon
activation and they can also secrete 14 and IL13 that contribute to the activation of

genes that mediate immunity against helminths and ticks (Voehringer 2016).

Serum pepsinogen values showed no significant difference between treatments or the
interaction between treatment and day of trial. There have only been a few studies that
have measured pepsinogen levels in deer. Audigé et al. (1998) observed that
pepsinogen values had an inverse relationship at the herd level when related to the
summer growth of weaner deer, but this relation was not significant at the individual
level. In addition, Hoskin et al. (2000b) found a correlation between burdens of
Ostertagia-like nematodes and pepsinogen values, whilst others were not able to show a
relationship with burdens of these same nematode species (van der Heide 2009).
Therefore, is it not surprising that even with higher burdens of Osteragia-type

nematodes in this study, no differences were found between groups.

The differences between treatment groups for voluntary feed intakes show a tendency
of a decrease with a “dose-rate” response. This was evident when comparing the HD

group against the Control and the LD treatment groups.

Over the whole period the Control and the LD group had a higher liveweight gain than
the MD and the HD treatment groups. It is commonly accepted that gastro-intestinal
parasitism reduces voluntary feed intake and the efficacy of food utilization (Coop and
Holmes 1996). Previous studies in deer have also demonstrated a reduction in
voluntary feed intake and liveweight gain associated with subclinical infection of
parasitic nematodes (Hoskin et al. 2000b; Hoskin et al. 2007). In the present study the
decrease in liveweight gain and voluntary feed intake was most likely influenced by the
both the number and range of species in the continuous challenge with larvae, together
with the pathology which occurred in the large intestine and terminal small intestine.

However, the pattern of liveweight gain is not easily explained by feed intake.

Overall this study did not achieve the principal aim of investigating the relative
pathogenicity of Ostertagia-type parasites as the animals were clinically affected by the

large intestinal lesions associated with Oesophagostomum spp. nematodes.
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Nevertheless, the latter finding was a potentially important novel finding from this
study. Further studies will be necessary to fully assess the pathogenicity of O. sikae as
well as to assess more clearly the impact of Ostertagia-type nematodes. Data of weight
and food intake, along with haematological and biochemical markers for parasitism
were consistent with other studies in other host species and add to the overall

knowledge of the interaction between the host and gastrointestinal parasites in deer.
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Chapter 3 Analysis of the pathogenicity and diagnosis of Gl
nematode infections in young farmed red deer -

Supplementary follow-up study

3.1 Introduction

The initial study (Chapter 2) was the first study involving infections with only
gastrointestinal nematodes in red deer. That study was terminated earlier than planned
due to the onset of clinical signs resulting from the occurrence of numerous
inflammatory nodules in the mucosa of the terminal small intestine and large intestine
together with substantial oedema and a general inflammatory response around the large
intestine caused by Oesophagostomum sp. The aim of this follow-up study was to
investigate the impact of artificial infection with a lower dose of deer-origin mixed
species of larvae of gastrointestinal nematodes than used in that study. It made use of
the control animals from the Initial Study which were then 57 days older at the

beginning of this supplementary trial.

3.2 Materials and methods

3.2.1 Experimental Design.

The study design involved 12 deer (the Control Group in the Initial Study described in
Chapter 2) which were allocated into two groups of six animals each, housed in two
groups of three per pen with all animals in the same pen being in the same treatment
group. One group were trickle-infected three times per week with 30% of the number of
larvae given to the low dose of the Initial Study (Lower Dose, designated LrD) and with
the same source of larvae (see Section 2.2.3). The other group remained as the
uninfected Control Group. Deer were infected over 44 days (=18 occasions) and then

euthanased. Table 0.1 shows the schedule of events for the trial.
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Table 0.1 Schedule of events.

Days Event

-8-0 Each group randomly assigned to treatment. Initial voluntary feed
intake (VFI) measured, faecal samples and initial blood samples
obtained. Deer weighed.

1-43 Trickle infection 3x per week. Weekly measurement of weights,
faecal and blood samples and group VFI.

44 Deer euthanased for worm counts.

3.2.2 Animals and management

The history of these deer is the same as in the Initial Study except they were 57 days

older. In brief, they were effectively treated with an anthelmintic on arrival, prior to

housing and then remained free of nematodes during the Initial Study and then into this

Supplementary Study. The full description of feeding, management, euthanasia,

necropsy and recording is described in Chapter 2.

3.2.3 Source of Larvae

The larvae (Table 0.2) were from the same pool as used in the Initial Study and had

been stored at 10°C since they were cultured.
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Table 0.2: Treatment regime showing number of larvae of each species per individual

dose given 3 times per week and the total number of larvae during the whole period.

Dose of

Ostertagia-type

Dose of

Oesophagostomum spp.

Dose of

Haemonchus sp.

Dose of

Trichostrongylus spp.

L3 L3 L3 L3
Individual Total Individual Total Individual | Total | Individual Total
(range) (range) (range) (range) (range) |(range)| (range) | (range)
150 2700 200 3600 3 45 23 405
(143-158) | (2565-2835) | (195-203) | (3510-3645) (0-4) (0-68) | (11-30) |(203-540)

3.2.4 Measurements

Liveweight gains were measured weekly and voluntary feed intake (VFI=Offered-
Rejected) was measured by pen (3 animals/pen) on a daily basis. To crudely estimate
individual voluntary feed intake the feed consumption per pen was divided by the
number animals in that pen. Blood samples were collected into plain and EDTA
vacutainers via jugular venepuncture while deer were physically restrained. The
following blood parameters were measured once a week during the study: total serum
protein, serum albumin and globulin, white blood cell counts (including individual
components; neutrophils, lymphocytes, monocytes, eosinophils, basophils), red blood
cells, haemoglobin and packed cell volume. These analyses were undertaken by a
commercial laboratory (New Zealand Veterinary Pathology) using equipment calibrated
for deer samples. Pepsinogen concentrations were determined using a method that has
been validated previously (Scott et al. 1995) with minor modifications (Simcock et al.
1999).

Faecal egg counts were estimated using a modified McMaster Technique where each

egg counted represented 50 eggs/g (Appendix 7 SOP 1).

Worm counts were estimated (Appendix 7 SOP 6) using guidelines described by
WAAVP (Wood et al. 1995). After slaughter by captive bolt, the recovered

gastrointestinal tract from each deer was separated into different organs (abomasum,
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small intestine and large intestine) and frozen at -20°C until further processed.
Individual organs were later thawed and thoroughly washed to a measured volume. A
5% aliquot was removed and sieved through a 37.5 pum sieve. In addition, the abomasal
tissue was subject to digestion in pepsintHCL at 37°C until the mucosal tissue was
disrupted, then 5% aliquots of these were also counted. The parasites present were

counted using a stereo microscope at about 40X magnification.

For the identification of the species, male worms (up to 50) in the abomasum and small
intestine and adults (females and males) in the large intestine were recovered and fixed
in 70% alcohol to identify to species. If less than 50 males in the abomasum and small
intestine were recovered then all available male nematodes were examined. In addition,
the abomasum and large intestine were subject to a pepsin digest to recover immature
larvae. This comprised a digest mixture of 0.4% Pepsin (Pepsin A, BDH 390324L) +
1.7%HCI with the tissue digested for 2 hours (Appendix 7 SOP 6).

To estimate establishment rates by genus in the abomasum the adult worm burdens were
divided by the total number of larvae given up to 12 days before euthanasia. For
Oesophagostomum spp. the establishment rates were estimated taking into account the

number of doses up to 21 days before euthanasia.

3.2.5 Statistical Analyses

All statistical analyses were carried out using SAS (Statistical Analysis System, version
9.2; SAS Institute Inc., Cary, NC, USA). Repeated measures of FEC, blood parameters,
daily weight gain and voluntary feed intake on the same animals were analysed using
the MIXED procedure with a linear mixed model. FEC were transformed by natural
logarithm plus one prior to analysis. The covariance of the blood parameters before the
treatments with larvae, were also included in the model for the analysis. The least
squares means (LSM) and standard errors were obtained and used for multiple
comparisons using the least significant difference test as implemented in SAS. Faecal
egg counts results were presented as back-transformed LSM with 95% confidence

intervals.

Worm burdens were analysed after natural logarithmic transformation using the MIXED

procedure with a linear mixed model. The LSM and confidence interval were obtained

62



and used for multiple comparisons using the least significant difference test as
implemented in SAS. Results were presented as back-transformed LSM with 95%

confidence intervals.

3.3 Results

3.3.1 Faecal Egg Counts

A summary of LSM of faecal egg counts is presented in Figure 0.1. The faecal counts in

the Control Group were constantly zero.

140 -
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Eggs/gr

60 -
40 -

20 -

0 F——F— T T T T \
1 8 15 22 29 36
Days

Figure 0.1 : Least square means and 95% confidence interval of faecal egg counts from

Day 1 to Day 36 in the Control group =+ .

3.3.2 Worm Counts

Abomasal worm counts are presented in Table 0.3
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Table 0.3 Least square means (£95% confidence interval) of abomasal nematode

counts.
) Trichostongylus
Ostertagia-type Haemonchus sp. Larvae
Spp.
LSM LSM LSM LSM
(@) (CDh (CDhH (CDh
182 1 0 2

(109-302) (0-3) (0-0) (0-15)

Abomasum: Three species of the subfamily Ostertaginae were recovered from the
treated deer, in order of frequency S. asymmetrica > O. leptospicularis (including O.
kolchida) > S. spiculoptera (Table 0.4).No significant differences were found between

Ostertaginae species counts (p=0.087). No Trichostrongylus spp. adults were found.

Table 0.4 Least square means (£95% confidence interval) of the identified Ostertagia-

type nematodes.

S. spiculoptera S. asymmetrica O. leptospicularis
LSM LSM LSM
(€D (CD) (€D
8 113 11
(1-51) (64-199) (1-86)
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Table 0.5 Least squares means (£95% confidence interval) of total Oesophagostomum

spp. worm counts in the large intestine, and counts for each species.

Oesophagostomum spp. O. venulosum O. sikae
LSM LSM LSM
(€D (€D (€D
234 221 3
(165-330) (167-294) (0-27)

Large Intestine: The two species that were recognized in the initial study were also
recognized in this one. Examination of the species of Oesophagostomum revealed the
predominance of O. venulosum but some adult O. sikae were also recovered (Table 0.5).

Establishment rate: The establishment rates are given in Table 0.6 and Table 0.7.

Table 0.6 Number of doses, total number of larvae administered, and establishment rate

(% worms counted/total larval dose until 12 days before slaughter), for each abomasum

genera in each group.

N* doses Total larvae Establishment rate (%)

until 12

days Ostertagia- Haemonchus | Trichostrongylus | Ostertagia- | Haemonchus | Trichostrongylus

before type spp. spp. type spp. spp.

slaughter (range) (range) (range) (range) (range) (range)
2100 35 315 9 3 0
14
(1995-2205) (0-53) (158-420) (5-14) (0-9) (0-0)
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Table 0.7 Number of doses, total larvae administered and establishment rate (%, No

worms counted/total larval dose until 21 days before slaughter) of Oesophagostomum

Spp.
N° doses Total larvae given Establishment rate (%)
until 21
days Oesophagostomum spp. Oesophagostomum spp.
before (range) (range)
slaughter.
2000 12
10
(1950-2025) (8-17)

3.3.3 Blood parameters

3.3.3.1 Albumin Levels

A summary of LSM of albumin levels is presented in Figure 0.2. Comparing the
Control and the LrD treatment groups, repeated measures showed a non-significant
difference between treatments (p=0.14), day (p=0.06) and the interaction between
treatment and day (p=0.76). But significant differences were seen between the groups at

day 0, before the first treatments with larvae.

42 -
40 -
38 -

36

Albumin g/l

34 A

32 A

30

Days

Figure 0.2: Least square means (+ SE) of serum albumin values (g/l) from Day 1 to Day

36, for the Control =+ and Lower Dose —#~ treatment groups.
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3.3.3.2 Globulin Levels

A summary of LSM of globulin levels is presented in Figure 0.3. Comparing the
Control, and the LrD treatment groups, repeated measures showed a significant
difference between treatments (p=0.014), day (p<0.0001), the interaction between
treatment and day (p<0.001) and also between the groups at day 0, before the first
treatments with larvae (p=0.004).
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Figure 0.3: Least square means (+ SE) of serum globulin values (g/l) from Day 1 to Day

36, for the Control == and Lower Dose —# treatment groups.

3.3.3.3 Serum albumin to globulin ratios

A summary of LSM of serum albumin to globulin ratios is presented in Figure 0.4.
Comparing the Control and the LrD treatment groups, repeated measures showed a
significant difference between treatments (p=0.002), day (p=0.0001), the interaction
between treatment and day (p=0.003) and also between the groups at day 0, before the
first treatments with larvae (p=0.002).
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Figure 0.4: Least square means (= SE) of serum albumin globulin ratio from from Day 1

to Day 36 for the Control =*= and Lower Dose —# treatment groups.

3.3.3.4 Eosinophil counts

A summary of LSM of eosinophil counts is presented in Figure 0.5. Comparing the
Control and the LrD treatment groups, repeated measures showed a significant
difference between treatments (p=0.0001), day (p<0.0001), the interaction between
treatment and day (p<0.001), but non-significant between the groups at day 0, before
the first treatments with larvae (p=0.144).
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Figure 0.5: Least square means (+ SE) of eosinophils counts (x10° cells/l) from from

Day 1 to Day 36, for the Control == and Lower Dose =% treatment groups.
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3.3.3.5 Basophil counts

A summary of LSM of the serum basophil counts is presented in Figure 0.6. Comparing
the Control and the LrD treatment groups, repeated measures showed a significant
difference between treatments (p=0.029), day (p<0.001), the interaction between
treatment and day (p<0.0001), and also between the groups at day 0, before the first
treatments with larvae (p=0.021).

03 -
0.25 -
T 02 -
S
Z 015
%
g 0l
<
m
0.05 -
0

Days

Figure 0.6: Least square means (+ SE) of basophils counts (x10° cells/l) from Day 1 to

Day 36, for the Control =*= and Lower Dose —#= treatment groups.

3.3.3.6 Other blood parameters

No significant difference was observed between the treatment and control groups for
neutrophils, lymphocytes, monocytes, red blood cells, haemoglobin and packed cell

volume values.

No significant difference between treatment and control groups was seen in the
pepsinogen concentrations between treatments (p= 0.16) or the interaction between

treatment and day (p=0.94).
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3.3.4 Liveweight gain

A summary of LSM of the liveweight gain is presented in Figure 0.7. Comparing the
Control and the LrD treatment groups, repeated measures showed no significant
difference between treatments (p=0.27), period (p=0.33) or significant interaction

between treatment and period (p=0.69).
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Figure 0.7: Least square means (+ SE) of liveweight gain from from Day 1 to Day 36

for the Control =*= and Lower Dose =# treatment groups.

3.4 Feed intake

A summary of LSM of the feed intake is presented in Figure 0.8. Comparing the
Control and the LrD treatment groups, repeated measures showed a significant
difference between days (p=0.001) but no significant difference between treatments

(p=0.36) or significant interaction between treatment and period (p=0.17).
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Figure 0.8: Least square means (= SE) of feed intake (kg DM/day) from Day 0 to Day

42, for the Control =*= and Lower Dose —# treatment groups.

3.5Discussion

As for the Initial Study the aim of this trial was to investigate the impact of
gastrointestinal nematodes. The lower infective dose used in this follow-up trial was
intended to infect the deer with sufficient GIN to cause an effect on growth rate but
without overt clinical signs, since the doses used in the initial study did cause clinical
signs, forcing a premature conclusion to that study. Hence, this study was an
opportunistic use of the control animals from the initial trial, in an attempt to get more
data to check for effects at a lower dose, but also to inform future challenge studies. In
this study, there were no clinical signs or significant differences in voluntary feed intake
or growth rates. This may be due to the use of older animals and/or lower dose
compared with the Initial Study, but also the smaller sample size may have influenced

the lack of statistical significance.

Even though it is not adequately controlled against the Initial Study and confounded by
the age of the animals as well as the age of the larvae, the establishment rate in the
Initial Study for Ostertagia-type species was 37% and for Oesophagostomum spp. was
approximately 11% in contrast to 9% and 12%, respectively, found in this
Supplementary Study. The lower establishment for the Ostertagia-type species in this
study suggest that most likely the immune system of these animals was more developed

and able to respond. It is known that age and previous exposure have an important effect
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on the immune response against nematodes (Sykes 1994). These deer had been exposed
to infective larvae up until weaning which potentially provided some antigenic exposure
to these parasites. Whether this was sufficient to stimulate an immune response despite
being subsequently housed and not having continuous access to infective larvae is not
known. Why there is an apparent difference between the establishment rates for
Oesophagostomum and Ostertagia-types is unclear and suggests further study is

required.

Of particular note was the observation that Oesophagostomum sikae was also present in
this study but no nodules were observed, which suggests that the higher counts of O.
venulosum in the Initial Study (Chapter 2) may be an important factor in the

development of nodules seen in that study rather than O. sikae being responsible.

The Ostertaginae species recovered were only deer-specific species in contrast with the
Initial study (Chapter 2) that additionally observed low burdens of T. circumcincta. The
Ostertagia-type S. asymmetrica was the most common species found, in order of
frequency, S. asymmetrica > O. leptospicularis > S. spiculoptera. However, as
significant differences were not found between species, most likely because of the lack
of statistical power, no comparison between the Initial pathogenicity study (Chapter 2)

and this supplementary study can be performed.

There were few changes noted in the biochemistry. There was no obvious change in
albumin levels but there was a significant interaction between treatment and day for
globulin and for the albumin:globulin ratios which follows from this same change for
globulin. This most likely reflects the immune response being triggered in these

infected animals.

This lack of significant difference in the albumin levels in this chapter is consistent with
there being no significant difference between the Low Dose group and the control group
in the Initial Study (Chapter 2) which this may be explained by less damage and lower

albumin losses through the mucosa.

Associated with the immune response to parasitic infection, there was a significant
increase in the eosinophil and basophil counts in the infected animals. It’s well known
that eosinophils and basophils are associated with an immune response against helminth

infections mostly linked with Type 2 immune response, involving redundant
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mechanisms. Both have cytoplasmic granules that are released upon activation and also
can secrete IL4 and IL13 that contribute to the activation of genes that mediate

immunity against helminth and ticks (Voehringer 2016).

Overall, the level of challenge in this follow-up study was less pathogenic than those of
the Initial Study (Chapter 2). There were no inflammatory nodules observed in the large
intestine which may be related to the age of these animals and their developed immune

system as well as the lower larval dose.
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Chapter 4 Molecular identification and distribution of
gastrointestinal nematodes in farmed red deer in New

Zealand.

4.1 Introduction

In New Zealand, parasites have been acknowledged as a problem since the
commencement of deer farming. Initially the most important parasite for deer was
considered to be the lungworm which was originally believed to be Dictyocaulus
viviparus (Watson and Charleston 1985) but is now known to be Dictyocaulus eckerti
(Johnson et al. 2001a; Johnson et al. 2001b). However, new reports indicate an increase
in the relative importance of gastrointestinal nematodes (GIN) which may be related to
the rise of resistance to anthelmintics (Hoskin et al. 2005; Mackintosh et al. 2014b).
Deer in New Zealand are infected by a relatively limited range of gastrointestinal
species which are mainly concentrated in the abomasum including deer-specific
nematodes in the sub-family Ostertagiinac (=Ostertagia-type; Spiculopteragia
asymmetrica, Spiculopteragia spiculoptera and Ostertagia leptospicularis) and also
some GIN of sheep and cattle including; Haemonchus contortus, Oesophagostomum
venulosum, Teladorsagia circumcincta, Trichostrongylus axei, Trichostrongylus
vitrinus, Nematodirus spp., Chabertia ovina, Cooperia oncophora. Cooperia punctata,
Cooperia pectinata and Cooperia curticei (McKenna 2009a; Tapia-Escarate et al.
2015b; Chapter 5). In addition, Oesophagostomum sikae has been recently recognised in
New Zealand (Chapter 2). This species is morphologically similar to O. radiatum and it
is likely that earlier reports of O. radiatum in deer in New Zealand have misidentified
O. sikae. Similarly T. axei was considered the only member of this genus in the
abomasum of red deer in New Zealand, but Trichostrongylus askivali (McKenna 2009c¢)
which is morphologically very similar, has also recently been recognized in New
Zealand and its presence suggests it is not a recent arrival but it has been misidentified

until this time.
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Given the increased importance of GIN in deer it is important to review the occurrence
of these nematodes. Traditional methods would involve the morphological identification
of adult GIN to species level, which requires a deceased animal. It is more difficult to
monitor the occurrence of GIN in live animals as measuring nematode egg counts
combined with larval culture generally only allows identification to genus level.
However, the recent development of molecular tools now allows larvae to be identified
to species level. This has generally focused on the GIN from sheep and cattle where
different techniques and protocols have been employed (Roos and Grant 1993;
Callaghan and Beh 1994, 1996; Gasser et al. 2008; Bott et al. 2009; Roeber et al.
2012a; Roeber et al. 2012b; Demeler et al. 2013; Hoglund et al. 2013; Roeber et al.
2013b; Bisset et al. 2014). The most commonly applied method is to identify regions of
the first and the second internal transcribed spacer (ITS-1 and ITS-2) of rDNA as targets
using PCR. These ITS regions are sufficiently conserved within species, yet different

between species, to provide an accurate identification of different species.

The aim of this study was to investigate the occurrence of different GIN species in red
deer in New Zealand. To achieve this objective protocols using PCR developed by
Bisset et al. (2014) for identifying common sheep and cattle GIN were utilized. In

addition, further protocols for some deer-specific GIN (Bisset unpublished) were used.

4.2 Materials and Methods

4.2.1 Samples

3.2.5.1 Farms and animals

Opportunistic use was made of samples collected primarily for a multi-species study of
the epidemiology of Johne's disease (Heuer et al. 2012; Verdugo et al. 2012). Faecal
samples were used from 59 farms around New Zealand. The North Island farms (n=25)
were in the Manawatu-Wanganui region (n=14), Hawkes Bay (n=5), Bay of Plenty
(n=2), Waikato (n=2), Gisborne (n=1) and the East Coast (n=1). The South Island farms
(n=30) were in the Canterbury region (n=19), followed by Southland (n=7), Otago
(n=4) and the West Coast (n=4). Deer were sampled per rectum using a new glove for

each animal. The samples were collected from June 2009 to Sept 2010. The majority of
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the farms were sampled in winter (n=33), followed by spring (n=17), autumn (n=7) and
summer (n=2). Deer of both sexes between 12 and 24 months of age were selected by
choosing the first 20 moving through a race. In addition, some animals suspected of
having clinical Johne’s disease on some farms were sampled. Although the intent was to
utilize the faecal samples of 20 sampled animals per farm, on some properties fewer
were available, in which case all available faecal samples were used. Consequently, the
number of samples ranged from 6 to 26 per farm, with an average of 19 sampled deer

per farm.

To facilitate analysis, as the samples were not evenly distributed by season, they were
divided into those collected in a “mild” season, (= spring, summer and autumn; n=26)
or a “cold” season (= winter; n=33) groups. The farms were also stratified by farming
type being those which were exclusively deer farms (D; n=16), those which co/cross
grazed with sheep (DS; n=7) or cattle (DC; n=10) and those farms with all three host
species (DCS; n=26).

3.2.5.2 Larval culture

Faecal samples from each farm were pooled and mixed with deionised water plus
vermiculite and incubated between 23-25°C for 10 days. The mixtures were then placed
in Baermann funnels and the active larvae were collected 24 hours later from the bottom
of the funnel (Appendix 7, SOP 5). The larvae were stored at 10°C until selected for
DNA extraction. From each farm 24 larvae were randomly selected. Overall, a total of

1416 larvae were collected for analysis.

4.2.2 PCRs

For the identification of larvae, primers developed by Bisset et al. (2014) for the
identification of GIN found in sheep were utilised. These included Teladorsagia
circumcincta, Trichostrongylus axei, Haemonchus contortus, Trichostrongylus
colubriformis;  Trichostrongylus vitrinus, Cooperia curticei, Chabertia ovina,
Oesophagostomum venulosum, Nematodirus spathiger, Cooperia oncophora and
Ostertagia leptospicularis. This study commenced as the work by Bisset et al. (2014)
was continuing and the choice of primers used was not that finally recommended by

these authors. In addition, primers for some deer-specific species were used that had
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been developed separately by Bisset et al. (unpublished). These included
Spiculopteragia spiculoptera and Spiculopteragia asymmetrica, Trichostrongylus
askivali and Oesophagostomum sikae. Consecutively, single or multiplex PCR tests

were optimized.

For the development of the deer GIN primers by Bisset et al. (unpublished), samples of
adult males were obtained from the Massey University deer farm, Palmerston North.
Adult males identified to species were lysed in a 3% solution of proteinase K (Roche,
Basel, Switzerland) in Direct PCR lysis reagent (Viagen Biotech, Los Angeles, USA),
and then the ITS-2 rDNA regions were amplified, cloned and sequenced following the
methodology described by Bisset et al. (2014).
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Table 4.1 PCRs primers used to identify GIN infective larvae in deer in New Zealand.

Generic primers

Pattern Primer name Sequence (5'-3")
Forward ITS2GFnest CACGAATTGCAGACGCTTAG
Reverse ITS2GRnest GCTAAATGATATGCTTAAGTTCAGC
Species specific primers
Organ Host spp. | Nematode spp. Primer name Sequence (5'-3")
cattle/
T. axei Trax Fd2 GATGTTAATGTTGAACGACATTAATATC
sheep
deer O. leptospicularis Oele Fd2 CATGCAACATAACGTTAACATAATG
S. asymmetrica Spas Fdl GAATAACATATGCAACATAACGTTGT
Abgmasum . spiculoptera Spspi Rvl GATACATGAACAATGATTGTCATACAA
. askivali Trask Fdl GTTTGTCGAATGGTCATTGTCGTAC
. contortus Haco Fd3 CATGTATAGCGACGATGTTCTT
sheep Teci Fd3 AAACTACTACAGTGTGGCTAACATA
. circumcincta
Teci Rvl GTACATTCAAATAGTAGCAATACGC
cattle . oncophora Coon Rv1 CTATAACGGGATTTGTCAAAACAGA
Cocu Rvl TGGGATTTGTCAGAACCAATGTA
. curticei
Cocu Rv2 TGAGTACACTTAAACAGTGATAATAGA
Small Intestine
sheep . spathiger Nesp Rvl CATTCAGGAGCTTTGACACTAAT
. colubriformis Trco Rvl ACATCATACAGGAACATTAATGTCA
. vitrinus Trvi Fdl ATGTGAACGTGTTGTCACTGTTTA
deer . sikae Oesik Rvl TCACAGTGACAATGAGATCACG
. ovina Chov Fd2 CAGCGACTAAGAATGCTTTGG
Large Intestine
sheep Oeve Rv1 CGACTACGGTTGTCTCATTTCA
. venulosum
Oeve Rv2 ATACATGCATGCATACATCACATG
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The larvae DNA extraction was largely as described by Bisset et al. (2014) and is
detailed in Appendix 7, SOP 8. In brief, individual larvae were randomly selected and
placed in individual 200 pl thin-walled tubes. Larvae were lysed by adding a mixture of
3% solution of proteinase K (Roche, Basel, Switzerland) in Direct PCR lysis reagent
(Viagen Biotech, Los Angeles, USA). To extract the DNA, the mixture was then subject
to incubation 55°C for 16 h; 90°C for 1 h; 4°C for 1 min in a thermal cycler
(Mastercycler, Eppendorf, Hamburg, Germany). These lysates were diluted 1:2 and

used directly as a template for the PCR reaction.

The PCR reaction for the identification of larvae includes reverse or forward primers for
each species, together with two conserved “generic” primers (reverse and forward) as
shown in Table 4.1. Consequently, when the species is present, two products should be
amplified being the product of the generic primer to ensure that DNA was present
regardless of the species and the product of the species primer whose size shows the
species that is present. The full protocol for undertaking the PCR reactions is in
Appendix 7, SOP 8.

A series of PCR reactions were undertaken to identify the larvae (Table 4.2). The first
include primers for the species considered to be most common in deer, together with
some less common species which had primer sizes that fitted within the multiplex. Later
reactions included other species. All the larvae were tested with the first reaction, with

those not identified subsequently included in successive reactions, until they were

identified.

Due to the number of reactions involved, a shortage of DNA for later reactions
prevented the identification of some larvae and for some there was no PCR product

regardless of the number of reactions, so their identification was not possible.

Some issues with cross-reactions of primers were observed and these were resolved by
retesting some larvae in a specific order as detailed below. A specificity assay was run

to confirm these were suitable by testing DNA recovered from adult male nematodes:

1. The T. colubriformis primer Trco Rvl also selected Oesophagostomum sikae
and Trichostrongylus askivali whereas O. sikae and T. askivali primers were
specific for these species. Consequently, these latter two primers were used in

reactions before the T. colubriformis primer was used.
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2. The Trichostrongylus vitrinus primer Trvi Fdl cross-reacted with S.

asymmetrica and S. spiculoptera. In contrast the S. spiculoptera and S.
asymmetrica primers were specific for their respective species and did not cross-
react with T. vitrinus. Even though S. asymmetrica was included in Reaction 1
and 2 and S. spiculoptera in Reaction 1, there were a number of samples positive
to T. vitrinus in Reaction 4. Consequently, all of the DNA samples positive for
T. vitrinus were then retested with both Reaction 7.1 using the S. asymmetrica
primer (Spas Fdl) and with Reaction 7.2 using the S. spiculoptera primer (Spspi
RV1) as individual reactions. As a result, many of these were identified as S.
spiculoptera and only a few as S. asymmetrica leaving 31 identified as T.
vitrinus.

The primer Teci Fd3 used in Reaction 4 for the identification of T. circumcincta
also reacted to O. leptospicularis. Therefore, all the positives to T. circumcincta
using this primer were rechecked in Reaction 6 with another T. circumcincta

primer (Teci Rv1) and with an O. leptospicularis primer (Oele Fd2).
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Table 4.2 Reactions order and primers used to identify the larvae.

Reaction order Primers Species
Spas Fdl S. asymmetrica
1 Oeve RV2 O. venulosum
Coon RV1 C. oncophora
2 Trask Fd1 T. askivali
CocuRV1 C. curticei
Spas Fdl S. asymmetrica
’ Spspi RV1 S. spiculoptera
Oesik RV1 O. sikae
Trax Fd2 T. axei
Trvi Fdl T. vitrinus
4 Teci Fd3 T. circumcincta
Trco Rvl T. colubriformis
Chov Fd2 C. ovina
Cocu Rv2 C. curticei
Nesp Rv1 N. spathiger
5 Coon Rv1 C. oncophora
Haco Fd3 H. contortus
Oeve Rvl O. venulosum
1 Ocle Fd2 O. leptospicularis
° Teci Rv1 T. circumcincta
7.1° Spas Fd1 S. asymmetrica
7.2° Spspi RV1 S. spiculoptera

"Reaction run on positives to T. circumcincta in Reaction 4 as well as larvae not identified in
grevious reactions

Reaction run on all positives to T. vitrinus in Reaction 4 as well as larvae not identified in

revious reactions

Reaction run on all positives to T. vitrinus in Reaction 4 as well as larvae not identified in
previous reactions

81




4.2.3 Statistical analysis

Statistical analyses were carried out using SAS (Statistical Analysis System, version
9.3; SAS Institute Inc., Cary, NC, USA). Pairwise comparisons of the prevalence
between all species were performed using a logistic regression model using the LOGIT
procedure. The level of significance to declare significant differences between the
prevalance of two species was adjusted using the Bonferroni adjustment according to
the total number of pairwise comparisons. Effects of island (North/South), season
(mild/cold) and farm type (D, DS, DC, DSC) on the prevalence of each species were
evaluated with one-way analysis of variance for each of the factors using the GLIMMIX
procedure. Two-way analysis of variance was not possible because there were not

enough observations for each of the combinations between levels of two factors.

4.3 Results

4.3.1 Prevalence by species and farm type.

The prevalence of each species (Table 4.3) calculated as a percentage of the 1217
positive larvae samples calculated as: the prevalence overall; prevalence by island; host

species present on farms; and season.
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Table 4.3 Total, island, host species on farms, and season prevalence (%) of each

nematode species, in deer 12-24 month of age.

Island Host species Season

Total larvae

Larvae species South North | D DS DC DSC Mild Cold

(n)
O. venulosum 45°  (548) | 40° 38 | 37°  53% 43 20° | 28" 547
Ostertagia-type' 34 (411) | 31° 27* | 38 22° 22 29° | 36 20
S. asymmetrica 14" (173) | 12° 13* | 13* 10*  12*  12* | 15 10
S. spiculoptera 107 (124) 8 9 |13 8 4 6 | 140 3

O. leptospicularis 99 (114) 10° 5 1100 3 6 9 76

C. oncophora 4 (52) 1° 7 1 4 2 6t | 4 2
T. askivali 3 (40) 3¢ 20 |2 32 3|2 3
T. axei 3™ (35) 1P 4 1° 1° g 1’ * 3
H. contortus 3™ (33) 3 1° -

T. vitrines 3™ (31) 2 3 :

T. circumcincta 2% (27) 3° 1° :

O. sikae 2% (20) 2 1° :

T. colubriformis I (18) 2° 0° :

C. curticei 0' () 0° 0* g

total identified 100 (1217)

total larvae 1416 816 600 | 384 168 240 624 | 624 792
unknown /no DNA 199

' Includes the deer-specific species S. asymmetrica, S. spiculoptera and O.

leptospicularis.

? The analysis was not performed because of low prevalence.

%5 east squares means of the prevalence with different superscript letters in the same
row and effect (island; host species; season), are significantly different (p < 0.05).
OPALST T east squares means of the total prevalence with different superscript letters in
the same column, are significantly different (p < 0.05). Note: where differences have a
lower p-value, they are given in the text.

Mild =includes summer, spring and autumn. Cold= winter.

D=Deer only farm. DS= deer and sheep farm. DC= deer and cattle farm, DSC= deer,
sheep and cattle farm.
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O. venulosum was the most prevalent species. Even when all the deer Ostertagia-type
nematodes were combined in one group and compared to O. venulosum this was
significantly different (p< 0.0001) between them. The Ostertagia-type nematodes as a
group were significantly more common than the abomasal Trichostrongylus spp. (6%)

considered as one group (p< 0.0001).

For O. venulosum, the prevalence was significantly higher on DS farms compared to D
and DSC (p<0.001) and they were more common in the Cold Season than in Mild
Season (p<0.0001).

The second most common species identified were the deer Ostertagia-type spp., of
which S. asymmetrica was the most prevalent and was significantly more common than
O. leptospicularis (p=0.02). The deer Ostertagia-type nematodes, as one composite
group, had a higher prevalence on D farms and this difference was significant (p<0.01)
compared to DS, DC and DSC There were also more Ostertagia-type species during the
Mild Seasons compared to the Cold Season (p<0.0001).

Within the group of Ostertagia-type species there are some variations. For
S. asymmetrica, there was no significant difference between farm types. For
S. spiculoptera a higher prevalence was seen in the D farms compared to the DC and
DSC farm types (p<0.001) but this was not significantly different from DS (p>0.05).
For O. leptospicularis a higher prevalence was seen in the D farms than DS
farms (p=0.01) but this was not significantly different to DC or DSC farms (p>0.05).

For other species there was generally a low prevalence identified.

4.3.2 Prevalence by farm

The prevalence was calculated by farm with a farm being considered positive when one
or more of the 24 larvae per farm was identified as one of the species. These are shown

in Table 4.4.
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Table 4.4 Farm level (n=59) prevalence of each nematode species in deer

Prevalence of species by farm

Positive farms

Larvae species

% (n)
Ostertagia-type' 88 (52)
O. venulosum 83 (49)
S. asymmetrica 73 (43)
O. leptospicularis 47 (28)
S. spiculoptera 47 (28)
T. askivali 32 (19)
C. oncophora 29 17
T. circumcincta 29 17)
T. vitrinus 29 (17)
T. axei 19 (1)
T. colubriformis 19 (11)
O. sikae 17 (10)
H. contortus 12 @)
C. curticei 3 (2)

' Includes the deer-specific species S. asymmetrica, S. spiculoptera and O.

leptospicularis which are also shown separately below.

At farm level, O. venulosum was the most prevalent single species. The second most
prevalent was S. asymmetrica, followed by O. leptospicularis and S. spiculoptera.
However, the deer Ostertagia-type nematodes as a composite group had a higher
prevalence by farm than O. venulosum. Of the species identified, the least prevalent

nematode was C. curticei only found on 2 farms.
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4.4 Discussion

This study has identified the most common gastrointestinal nematode species present in
deer and on deer farms across a range of farm types within New Zealand. The approach
taken was to opportunistically utilise the faeces collected from a large cross-section of
farms taken for a study of Johne’s disease and to culture the remaining faecal material
to then recover 24 L3 per farm to identify and describe the prevalence of different

species using molecular tools.

At this time there is no formally described set of primers that can be used in a PCR for
this purpose for all the species that might infect red deer. Consequently, a mixture of
those described by Bisset et al. (2014) for common species in sheep, and to a limited
extent cattle, were combined with others developed as required (Bisset unpublished; this
study) to provide coverage of a total of 15 species that have been found in deer. It was a
challenge to work around the cross-reactions that were identified when using PCR
reactions for some deer species with those only found in sheep and cattle, but this was
resolved by developing new primers, re-testing some larvae and running the reactions in

a specific order.

The distribution of selected farms was not even over the country, largely because deer
farms are only common in some areas so it was only possible to analyse prevalence by
geographical distribution at the level of the North or South Islands. In the analysis of the
prevalence by season, it was only possible to examine winter (Cold) versus all other
seasons combined (Mild). This was only undertaken for those species with a
sufficiently high prevalence for the analysis to be robust. The interaction of host species
with season was not included in the analysis because in the Mild season there was data

for only one “DS” farm.

The present study utilised deer that were greater than one year of age. These animals
should have a reasonably well developed immune response to GIN and this may have
influenced the composition of their burdens (Sykes 1994). A different prevalence may
have been noted if younger animals were sampled. A further factor which could
influence the results is the fecundity of different species meaning the prevalence does
not necessarily reflect worm burdens in animals. Larger nematodes such as
Oesophagostomum are generally more fecund than small trichostrongylid species. Most

species will have a reduced fecundity in the presence of a developed immune response.
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This is particularly obvious with T. circumcincta in sheep (Stear et al. 1997) and so by
extrapolation is very likely to also occur with Ostertagia-type species in deer.
Regardless of these limitations, the results still provide useful and robust information

about the presence of different GIN species in deer in New Zealand.

For those larvae identified, O. venulosum was the most prevalent species at farm level
and in overall frequency. In reported studies with red deer in New Zealand this species
is consistently present although with different frequencies (Hoskin et al. 2000a; Hoskin
et al. 2000b; Hoskin et al. 2005). In naturally infected 4-month-old deer, Hoskin et al.
(2005) reported a higher burden of O. venulosum (n=772) compared to Ostertagia-type
(n=273) nematodes. It is known that the strongylid nematode O. venulosum is highly
fecund (Koprivnikar and Randhawa 2013) and the results found in this study do not
consider the relationship between number of worms present and the egg count so this

will potentially bias the interpretation of the prevalence figures.

Oesophagostomum venulosum is considered to be a normal parasite of sheep and it is
not considered to be very pathogenic because unlike other members of this genus, the
larval stages do not induce the formation of inflammatory nodules when animals are
parasitised under field conditions. Even though its normal host is considered to be
sheep, the infectivity in deer appears high (McKenna 1997; Hoskin et al. 2000b;
McKenna 2009a). In the present study it was higher in farms that also grazed sheep
compared with deer-only farms implying cross-infection may be common. In a related
cross-infection study (Tapia-Escarate et al. 2015b; Chapter 5) utilizing sheep-origin
infective larvae, the establishment rate of O. venulosum was significantly lower in red
deer than in sheep but 5.8 % of the infective dose still established compared with 21.6

% in sheep.

In Australia O. venulosum has been described as more common in winter-rainfall areas
(Cole et al. 1986) but under New Zealand conditions it would be considered a “normal”
deer parasite observed equally commonly in both islands. In lactating ewes it was
observed to be similarly common across a range of farm types and locations (Hervé et
al. 2003). Whilst other species from this genus, including O. radiatum, and O.
columbianum struggle in areas with cold winters (Sutherland and Scott 2009), the free-
living stages of O. venulosum are able to survive on pasture over winter in temperate

areas (Taylor et al. 2007) so it is not surprising it is reasonably common in New
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Zealand. A notable result was the higher prevalence of O. venulosum in winter.
However, as most of the samples from DS, where the highest prevalence of this
nematode was found, were taken in winter (144 of 168 larvae) the results may have a

bias due to the time of collection of samples.

The next most common larvae identified were the Ostertagia-type species of deer. Of
these S. asymmetrica was the most prevalent followed by S. spiculoptera and then O.
leptospicularis. This high prevalence of the Ostertagia-type spp. is consistent with the
high frequency found in other studies in red deer in New Zealand (Hoskin et al. 2000a;
Hoskin et al. 2000b; Hoskin et al. 2005).

The relationship between egg count and worm burden can be particularly poor with
nematodes in the Ostertagiinae subfamily. In studies with red deer in New Zealand a
low correlation between egg counts and nematode counts of Ostertagia-type nematodes
during spring and summer has been reported with some animals having zero faecal egg
counts with as many as 10,000 Ostertagia-type nematodes (Mackintosh et al. 2014a).
Consequently, the approach taken for this survey may underestimate the true prevalence
of these species of nematodes. Nevertheless, these Ostertagia-type nematodes, as one
group, had a higher prevalence on the exclusively deer farms and this difference was
significant compared to DS, DC and DSC. This is also consistent with the results from
the cross-grazing study (Chapter 6) where Ostertagia-type burdens were lower in deer

when cross-grazing with sheep or cattle.

When the results are considered by nematode species, there are some differences. There
was no difference in S. asymmetrica prevalence between farm type but S. spiculoptera
was more common on D farms compared with DC and DSC. Whilst these two species
are considered to be host-specific for deer, the third species O. leptospicularis is also
known to readily parasitize cattle (Bisset 1980). Consistent with this is the observation
that O. leptospicularis had a higher prevalence on D farms than DS but there was a
similar prevalence on D, DC and DSC farms. By contrast, in the cross-grazing study
(Chapter 6), O. leptospicularis was the most prevalent Ostertagia-type species in all the
treatment groups but there were differences between some groups. In that cross-grazing
study the deer grazing on their own had the highest numbers of this nematode species
being almost significantly higher than the deer cross-grazing with cattle and this was

significantly higher than those grazing with sheep. Also in that study it was notable
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there were high burdens of O. leptospicularis on one occasion when deer were cross-

grazing with cattle on the Invermay farm.

T. askivali was identified in 2009 in New Zealand (McKenna 2009¢) in deer from the
Massey University Deer Unit. It may have been previously misidentified as T. axei for
many years since these two species are morphologically very similar and both are
located in the abomasum. The presence of T. askivali on 32% of the deer properties
indicates it is common and that it was most likely previously misidentified. The recent
discovery of this species in New Zealand means we know little about it in terms of
anthelmintic efficacy and pathogenicity. This species was originally described from red

deer in Scotland (Dunn 1965), the most common origin of red deer in New Zealand.

T. axei is a species which is capable of infecting a variety of hosts including deer with
little host preference (Borgsteede 1981). In this study the prevalence of this nematode
species was relatively low (3%), but the prevalence in “DC” farms was significantly
higher at 8% implying that the presence of cattle contamination of pasture was
increasing the prevalence of T. axei in deer. Similarly, a study in Australia found higher
numbers of T. axei in sheep when they were co-grazing with cattle (Arundel and
Hamilton 1975). By contrast, in the cross-grazing study (Chapter 6), deer with the
highest burden of T. axei were observed in the group cross-grazing with sheep. In cross-
infection studies of sheep or cattle parasites into red deer it was found that the
infectivity of T. axei was higher for sheep than red deer (Tapia-Escarate et al.
2015b;Chapter 5) but the same as for cattle (Tendoesschate et al. unpublished;Tapia-
Escarate et al. 2015a). According to Ross and Purcell (1969) different strains of T. axei
have a predilection for different host species, and this may be the reason for differences

in these studies.

O. sikae nematodes were originally identified in young housed deer that were artificially
infected with larvae from naturally infected deer at Massey University (Chapter 2). In
that study, large numbers of Oesophagostomum spp. were recovered and extensive
pathological damage in the large intestine was found in the infected animals, to the
extent that the study was terminated early. The findings in this present study indicate
their presence is not unusual, since it was found on 17% of the properties in both the
North and South Islands. Morphologically these parasites resemble Oesophagostomum
radiatum, usually found in the large intestine of cattle. McKenna (1999) reported
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finding O. radiatum in adult deer but it is possible they were O. sikae that were
misidentified at that time. At the molecular level these parasites can be clearly
distinguished from O. radiatum (Chapter 2). In this study there was no attempt to
identify O. radiatum so it remains uncertain if they were present or not. O. radiatum in
cattle is relatively uncommon in New Zealand and is acknowledged to be a species that

is more important in tropical and subtropical areas (Taylor et al. 2007).

The presence of Cooperia oncophora on 17 properties implies that this species can
cross-infect between cattle, its normal host, and deer, although it can also be found in
sheep. The prevalence found for C. oncophora in this trial contrasts with the cross-
grazing study (Chapter 6), where this species was not found. It also was not found when
cattle nematodes were used to infect young red deer in a cross-infectivity study
(Tendoesschate et al. unpublished;Tapia-Escarate et al. 2015a). As a relatively
uncommon species in this survey the statistical differences between C. oncophora and
others need to be interpreted with caution. Although a higher prevalence was seen in the
DSC farms than DC and D, it was not different to DS. Although the total prevalence
was low, on one DSC farm all 24 larvae were C. oncophora, so the results must be
interpreted with caution. Similarly, care should be taken not to assume their worm
burdens were particularly large. Such features need to be further studied before robust
conclusions can be considered. The related Cooperia species in sheep (C. curticei) was
only found on one property and then it was only one larva, indicating this sheep species
is unlikely to be an issue for deer. C. oncophora is considered to be only
a mildly pathogenic species in cattle. It could be hypothesised it may be the same for
deer but further data is needed before final determinations can be made. Of more
importance is that C. oncophora is a dose-limiting species for some anthelmintics
including the macrocyclic lactones (MLs) and the prevalence of ML-resistant C.
oncophora in cattle is high. Therefore, if they are cross or co-grazing with cattle,

resistance may be the case in deer as well.

Haemonchus contortus has been found in a range of ruminants including deer although
its preferred hosts are sheep and goats. In cross-infection studies of the ability of sheep
or cattle parasites to infect red deer, it was found that the establishment rate of H.
contortus was higher for sheep (19%) than red deer (11%) (Tapia-Escarate et al. 2015b;
Chapter 5), but the difference was not significantly different between deer (19%) and
cattle (8%) (Tendoesschate et al. unpublished; Tapia-Escarate et al. 2015a). Given these
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establishment rates, sufficient burdens could build up in deer to be clinically significant
if the environmental conditions are favourable. The low prevalence found in this study
concurs with other studies in deer in New Zealand where this nematode has been
reported with low burdens (Hoskin et al. 2000a; Hoskin et al. 2000b). The prevalence of
this nematode in sheep in New Zealand was recorded as 22% in the North Island and
2% in the South Island (Hervé et al. 2003). It is known that this nematode prefers warm
tropical and subtropical areas because larval development requires relatively high
temperatures and humidity. In contrast to the prevalence in sheep, in this study the
prevalence was greater in the South Island, although it has to take into account that most
of the farms sampled in the South Island were in the Canterbury region where
Haemonchus may occur and 97% of the larvae of H. contortus found were from deer

sampled during the mild season (spring/autumn).

Overall this project used PCRs to identify the prevalence of a wide range of species of
nematodes in deer. The protocol allowed the identification of the most likely common
species in deer with relatively high efficiency. This project highlights that further work
on developing and validating better primers without cross-reaction between species

found in deer needs to be undertaken before this approach can be more widely adopted.
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Chapter 5 Establishment rate of sheep gastrointestinal

nematodes in farmed red deer (Cervus elaphus).

Sections of this chapter have been published:

Tapia-Escarate, D., Pomroy, W., Scott, I., Wilson, P., Lopez-Villalobos, N., 2015b,
Establishment rate of sheep gastrointestinal nematodes in farmed red deer (Cervus

elaphus). Veterinary. Parasitology. 209, 138-14.

(Appendix 8)

5.1 Introduction

As in other livestock production systems, parasites are an important clinical and
economic problem in farmed deer (Audigé et al. 1998; Wilson 2002). Whilst most focus
has historically been on clinical disease caused by Dictyocaulus spp., gastrointestinal
nematodes (GIN) may also be an issue for red deer (Mason 1977; Watson and
Charleston 1985a; Audigé et al. 1998). To help limit parasitism in deer there has been a
move by deer farmers to use integrated management systems, particularly cross-grazing
with other ruminants, to restrict the number of deer-specific parasite larvae on pasture.
However, very few studies have investigated the potential for cross-infection of GIN
between deer and other ruminants. It is known that deer can be infected with some GIN
of sheep including Trichostrongylus axei, Haemonchus contortus, Oesophagostomum
venulosum, Teladorsagia circumcincta, Trichostrongylus vitrinus, Nematodirus spp.,
Chabertia ovina (McKenna 2009b). Nevertheless, it is not clear how readily deer are
infected with sheep nematodes. The aim of the present study was to determine the
establishment rate of sheep GIN in young deer compared with sheep of the same age to
help understand the potential risks associated with cross-grazing and susceptibility of

deer to sheep GIN.
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5.2 Material and Methods

Five male red deer calves (Cervus elaphus) and five Romney-cross ewe lambs (Ovis
aries) both raised on pasture were housed in different sheds. Animals of both species
were born mid-November to early December 2011 and thus were aged 5-6 months. The
deer were treated with abamectin (0.2 mg/kg; Combat AbaCare LV®, Virbac New
Zealand Ltd) together with oxfendazole (9.06mg/kg; Bomatak C®, Bayer New Zealand
Ltd), and lambs were treated with abamectin (0.2 mg/kg, Combat AbaCare LV ®)
together with a dual combination of oxfendazole (4.53mg/kg) plus levamisole HCI
(8mg/kg; Scanda®, MSD Animal Health, NZ Ltd), and monepantel (2.5mg/kg;
Zolvix®, Novartis New Zealand Ltd). Two weeks after treatment they were infected
with a mixed culture of sheep-origin GIN including Trichostrongylus colubriformis, T.
vitrinus, T. axei, T. circumcincta, H. contortus, Cooperia curticei, Nematodirus spp., O.
venulosum and Chabertia ovina. Each animal was given 327 infective larvae (L3)/kg

liveweight administered by stomach tube (Table 5.1).

Larvae were available as individual experimental isolates for T. colubriformis and T.
circumcincta with the remainder collected from naturally infected sheep. The infective
dose given to deer was within the range nominated for sheep in WAAVP guidelines for
evaluating anthelmintic efficacy in ruminants (Wood et al. 1995). Larvae were less than
five month of age at the time of infection. Four weeks after infection all animals were
euthanized. After slaughter the abomasa, small intestines and large intestines were
removed and frozen at -20°C until processing for worm counts. Individual organs were
thawed, and then worm counts were undertaken on 5% aliquots of abomasal and small
intestinal washings, and 10% aliquots of large intestinal washings. Prior to counting, all
aliquots were sieved over a 37.5 pm mesh. All available males up to a maximum of 50
per animal, for each genus, were examined and identified to species. These proportions

were used to calculate the worm burdens of each species within a genus for each animal.

When the species in the original dose were known, the establishment rate was estimated
by comparing the worm burden with the infective dose. These establishment rates were
compared after ArcSin transformation and analyzed with a linear model that included
the fixed effect animal species (sheep vs deer) and a random residual error. To enable a
comparison between sheep and deer for Trichostrongylus axei and Oesophagostomum

venulosum the number of worms counted was divided by the total number of infective
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larvae given of Trichostrongylus spp. and the Oesophagostomum/Chabertia group and
this proportion was then compared as for the other species. To provide an estimate of
establishment rate for these two species, the number of worms of each species counted
in the sheep was extrapolated to estimate the proportion in the infective dose and this
was used to estimate the establishment rates for those species. The experiment was

approved by the Massey University Animal Ethics Committee.

5.3 Results

On the day of challenge all animals had zero faecal egg counts and on Day 28 all
animals shed eggs with the mean for sheep of 4750 eggs/g (range 1200-4950) and for
deer 350 eggs/g (range 50-800). No clinical signs of parasitism were seen in any animal.
Individual and mean establishment rates for both deer and sheep are shown in Table 5.1.
For Sheep 418 the small intestinal counts from the first aliquot indicated an unusually
high establishment rate of Trichostrongylus, so a reserve 5% aliquot was also counted
and the worm count for the small intestine of this animal is based on both aliquots.
Overall the establishment rates were low in deer compared with the sheep. The
arithmetic mean establishment rate in deer for H. contortus was significantly lower than
in the sheep (10.7 vs. 18.8%; p=0.0118). Almost no T. circumcincta established in deer
compared with a mean of 35.8% in sheep (p<0.0001). Similarly, only two C. curticei
were found in the 5% aliquot of one deer whereas a mean of 31.1% established in sheep
(p<0.001). No other species of Cooperia were seen. No Nematodirus were seen in any
animal. The arithmetic mean proportion of Trichostrongylus which established in sheep
was 73.9% compared with 1.0% in deer (p<0.0001). There were no T. colubriformis or
T. vitrinus found in any deer but both species were found in all sheep. The mean T. axei
count in sheep was 64 (range 20-120) and in deer was 30 (range 20-50). For sheep the
mean proportion of T. axei compared with other Trichostrongylus species was 8.6%. If
the ratio of Trichostrongylus species found in sheep is assumed to reflect the proportion
in the challenge dose, it was estimated that the establishment rate of T. axei in deer was
12.2% compared with 66.7% in sheep which was different between the two hosts
(p<0.01). There were no C. ovina found in any deer, only O. venulosum, whereas in
sheep C. ovina was seen in four of the five. The larvaec of Oesophagostomum and

Chabertia were counted together in the infective dose. The mean combined percentage
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of Oesophagostomum and Chabertia establishing in sheep was 21.8% compared with
5.3% in deer (p=0.0002). In sheep Oesophagostomum comprised a mean of 91.9% of
large intestinal parasites. If this ratio is extrapolated to reflect the proportion in the
challenge dose, then the estimated establishment rate of O. venulosum in sheep was
21.6% compared with 5.8% in deer, which was different between the two hosts
(p<0.05). In sheep the mean burden of O. venulosum was 472 (range 80-860) and in
deer was 336 (range 40-490).

Table 5.1 Mean establishment rate of mixed challenge of nematodes to young sheep

(n=5) and deer (n=5).

H.contortus  T.circumcincta ~ C.curticei Trichostrongylus Oesophagostomum +
spp. Chabertia spp.
Animal LW Establishment rate (%)' Deer
(kg)
117 64 13 2 0 2 7
118 60 9 1 0 1 1
120 60 6 0 0 1 6
122 58 12 1 0 1 8
123 63 13 3 2 1 5
Arithmetic 61 10.7 1.4 0.4 1 53
Mean
LS Mean * 10.51 1.02 0.07 1.01 4.81
(SE) (0.025) (0.041) (0.039) (0.049) (0.064)
Establishment rate (%) Sheep
409 21 18 28 27 63 23
416 27 11 24 27 58 23
417 23 23 51 43 78 37
418 34 21 34 15+ 90+ 2
420 19 20 41 39 80 24
Arithmetic 24.8 18.8 35.8 31.1 73.9 21.8
Mean
LS Mean * 18.6 35.53 30.72 74.85 19.94
(SE)® (0.025) (0.041) (0.039) (0.049) (0.064)
p 0.0118 <0.0001 <0.0001 <0.0001 0.0284

T based on 10% aliquot for the small intestine.

"' Number of worms counted/number of infective larvae administered.

2
Least square means.
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> Standard errors
* Probability of significant differences between deer and sheep.

5.4 Discussion

This is the first report of the establishment rate of sheep-origin GIN in farmed red deer.
The establishment rate in deer of the sheep GIN used in this study was generally low
relative to that in sheep, with the highest rate in deer being for H. contortus, T axei and
O. venulosum. Sheep and deer that were used in this study were of a similar age of 5-6
months, but still both hosts had enough time to develop some acquired immunity and

how this could have affected the final worm burdens could not be assessed.

A number of reports have noted the occurrence of sheep GIN in deer including the
consolidated checklist of helminth parasites of terrestrial mammals in New Zealand
(McKenna 2009b). However, those reports do not give any indication as to the
establishment rate of these species, which is a critical question for understanding the
potential effectiveness of cross-grazing sheep:deer for parasite control. In Italy a survey
of wild deer found a prevalence of 1 and 1.3% for T. circumcincta and H. contortus,
respectively, but the numbers of worms recovered were low for both species (Manfredi
et al. 2007). In studies in New Zealand both those species have been found in housed
deer infected with parasites from naturally infected deer but burdens were also low
(Hoskin et al. 2000a; Hoskin et al. 2000b). By comparison, in the present study the
relatively high establishment rate of H. contortus and T. axei in deer compared with
most other nematode species does suggest the possibility that pathogenic burdens could

develop if deer were grazing pasture contaminated with these worm species.

The only Cooperia species found in this study was C. curticei and the results indicate it
does not easily establish in red deer, since only 2 worms were seen in the 5% aliquot in
one animal. Other species of Cooperia including C. pectinata, C. oncophora and C.
punctata have been found in red deer in New Zealand and elsewhere (McKenna 2009b).
The latter two species have been reported in sheep but did not appear in the present

study.

The relatively high establishment of Trichostrongylus spp. in sheep is consistent with
that reported for T. colubriformis in young sheep (Dobson et al. 1990). T. axei has been

reported in deer in several studies, which is similar to other observations that this
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species is able to infect a range of ruminants and horses. However, burdens in naturally
infected deer are generally low (Connan 1996; Santin-Duran et al. 2004). In New
Zealand they have comprised 15% of abomasal burdens in two studies (Hoskin et al.
2000a; Hoskin et al. 2000b) with the majority of the abomasal worms being Ostertagia
leptospicularis, Spiculopteragia asymmetrica or Spiculopteragia spiculoptera. The use
of morphological criteria to recognise larvae in the present study required some
extrapolation to determine the establishment of Trichostrongylus species in particular
and can only be used as an approximation. The establishment rate of T. axei in deer in
the present study was estimated to be only 12.2% compared with 67% in sheep but the
overall burden of this species was low in both hosts. The absence of any T.
colubriformis or T. vitrinus indicates that neither of these species appears to favour
development in the small intestine of red deer. To date T. colubriformis has not been
recorded in red deer in New Zealand although T. vitrinus has (McKenna 2009b). Thus,
neither of these two potentially pathogenic Trichostrongylus species should present a
problem for grazing deer on sheep pastures, although further evidence is required to

confirm this suggestion.

In the large intestine no C. ovina were found in the deer although this species has been
recorded in deer previously (McKenna 2009b). O. venulosum has been recognised in
grazing deer in New Zealand for several years but in two field studies the burdens were
<100 nematodes (Hoskin et al. 2000a; Hoskin et al. 2000b). In sheep O. venulosum
have been reported to initially develop in the mucosa of the ileum, then move to the
lumen of the large intestine and undergo their final moult after 16 days with a mean
minimum prepatent period of 28 days (Goldberg 1951). Assuming that the rate of
development is similar in red deer, any O. venulosum in the challenge dose should have
been available to be counted if they had established. Similarly to O. venulosum, C.
ovina larvae originally develop in the mucosa but have been reported to return to the
lumen of the large intestine by 96 hours after infection. They then undergo their final
moult to immature adults by 25 days, although the minimum prepatent period was
reported to be 52 days (Threlkeld 1948). Thus, any C. ovina present should also have
been available for counting if they had established, even though the worms would not
yet have been producing eggs. In the present study the establishment in deer of O.
venulosum was about a quarter of that in sheep, but this could still allow a reasonably

large burden to build up in deer if grazing sheep-contaminated pasture. However, this
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worm species does not induce nodule formation around developing larvae as for most
other Oesophagostomum species, and is generally considered to be of low pathogenicity
(Taylor et al. 2007).

5.5 Conclusions

Overall, data here indicate a low establishment rate for most sheep GIN in red deer.
They suggest that under field conditions H. contortus could build up in sufficient
numbers to be a clinically significant burden. T. axei could also establish in sufficient
numbers to create a clinical problem and as they can be a parasite of both sheep and
cattle, may be an issue with deer cross-grazing with either host. Nevertheless, the
establishment rate indicated here was low. O. venulosum, being essentially non-
pathogenic, should not present a clinical problem even with modest burdens. The other
three main pathogenic GIN species of sheep, being T. circumcincta, T. colubriformis
and T. vitrinus, are unlikely to be able to build up to sufficient numbers in deer to create
a clinical problem. Thus, there is potential for an organised system of cross-grazing
between red deer and sheep to help reduce the challenge of GIN to deer. Future studies
should concentrate on observing the effectiveness of cross-grazing with sheep under
field conditions for GIN control in farmed deer. Some sheep GIN species may still exert
some subclinical effects in deer if small burdens establish. Similar research is needed to

determine the establishment of cattle-origin GIN in deer.
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Chapter 6 Evaluation of cross-grazing deer with sheep or
cattle, as a means to control gastrointestinal and pulmonary

nematodes in farmed red deer in New Zealand

6.1 Introduction

Effective parasite control is a key factor to obtain optimal growth in young deer. To date
deer farming has relied on the use of anthelmintics to achieve parasite control, but since
anthelmintic resistance is becoming a problem around the world in many ruminants
(Prichard 1990; Kaplan 2004) including red deer in New Zealand (Mackintosh et al.
2014b), alternative options relying less on drugs, need to be considered to reduce the

dependence on anthelmintics.

In New Zealand, deer farmers have been utilising cross/co-grazing as a management
tool to manage pasture quality which is of potential benefit to reduce the exposure to
gastrointestinal nematodes (GIN). The usefulness of cross-grazing for nematode control
is based on the evidence that most nematodes have a preferential host and if they are
ingested by another host they die or they establish at a lower rate, consequently
restricting the number of infective larvae (L3) on pasture. The value of co/cross-grazing
sheep and cattle for reducing pasture contamination has been understood for some time
(Arundel and Hamilton 1975; Barger and Southcott 1975; Southcott and Barger 1975;
Barger and Southcott 1978; Helle 1981; Inderbitzin et al. 1981; Donald et al. 1987,
Jordan et al. 1988) but there are no studies on the usefulness of cross-grazing between

deer and other ruminant animals as a means of parasite control for deer.

Red deer (Cervus elaphus) can be parasitized with a range of nematodes, some of which
are shared with other ruminants but most are deer-specific. Those which are generally
specific to deer include Dictyocaulus eckerti, Trichostrongylus askivali, Spiculopteragia
asymmetrica, Spiculopteragia spiculoptera, Ostertagia leptospicularis and
Oesophagostomum sikae. Of these O. leptospicularis can successfully infect cattle
(Bisset 1980; Borgsteede 1981; Bisset et al. 1984, McKenna 2009a) and sheep
(Borgsteede 1981; McKenna 2009a). In addition, a number of nematodes whose

preferred hosts are sheep and cattle have been reported in deer. These include,
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Oesophagostomum venulosum, Trichostrongylus vitrinus, Haemonchus contortus,
Teladorsagia circumcincta which have a preference for sheep and Ostertagia ostertagi,
Cooperia oncophora, Cooperia punctata and Dictyocaulus viviparus which have a
preference for cattle (McKenna 2009a). Trichostrongylus axei is a species which is
capable of infecting a variety of hosts with little host preference (Borgsteede 1981) and
this includes deer. Even though there are many nematodes from sheep and cattle that
have been described in deer, there are only some which are considered to be able to
establish in deer with any reasonable success including T. axei, H. contortus and O.
venulosum (Tendoesschate et al. unpublished;Tapia-Escarate et al. 2015a; Tapia-
Escarate et al. 2015b; Chapter 5).

The aim of this study was to determine the value of an organised cross-grazing system

between deer and sheep or cattle to assist with the control of deer internal parasites.

6.2 Materials and methods

6.2.1 Experimental design

The field study was replicated over two years (2012-2013) for 16 weeks each year at
two locations: Massey University, Palmerston North (PNmassey); and Invermay
Agriculture Research Centre, AgResearch, Mosgiel (InvAgR). The study in each year
commenced at weaning in late February/beginning of March and concluded in June.
Each replicate included four treatment groups: Deer cross-grazing with cattle (DC); deer
cross-grazing with sheep (DS); deer grazing on their own (DD); and deer grazing on
their own and treated with anthelmintic every two weeks to suppress the possibility of
pasture infestation with GIN as a positive control (SP) (Figure 0.1). All deer were
weighed every two weeks and the sheep and cattle every four weeks. Two estimates of
the parasite burden and species in deer were achieved by introduction of “tracer” deer

which were slaughtered after a 5-week period at weeks eight and 16.
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Figure 0.1 Experimental design of cross-grazing experiment between young red deer

and young sheep or cattle

.. Treatment groups in each replication
Four repetitions (2 group P

years & 2 places)

DD DC DS SP

Place 1 = Palmerston 20 deer (or equivalent stock rate) in each
North treatment group.

3 tracers (11-16
WEELS)

year year

2012 2013 3 tracers (3-8 weeks)

19 deer (or equivalent stock rate) in each

Place 2= Invermay i

year year 3 tracers (11-16
012 5013 3 tracers (3-8 weeks) -

DD = only deer paddocks, deer trigger treated.

DC = crossgrazing deer and cattle paddocks, deer trigger treated.

DS  =crossgrazing deer and sheep paddocks, deer trigger treated.

SP = only deer suppressively treated paddocks

6.2.2 Allocation and randomization of paddocks

In both locations the area was divided into 30 paddocks of different sizes. At
PNmassey they were blocked by size and then randomized to treatment each year within
blocks. In InvAgR in 2012 the paddocks were blocked and these were randomly
allocated such that DC and DS groups had two contiguous areas and the DD and SP
groups had one area each. In InvAgR in 2013 the paddocks were randomly allocated
across the whole area. In both locations, 10 paddocks were allocated for DC and DS and
5 paddocks for DD and SP. For PNmassey, 2012-2013 the areas allocated to DC and DS
were ~7.6 ha and for DD and SP were ~3.8ha. For InvAgR 2012-2013 the areas
allocated to DC and DS were ~4.6 ha and for DD and SP were ~2.5 ha.
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6.2.3 Preparation of paddocks prior to the starting of the trial

All the paddocks were grazed by deer up until December of the year prior to the study.
For the preparation of paddocks immediately before the study commenced the DC
paddocks were grazed by adult female cattle, DS by recently weaned ewes, and DD by
yearling deer. At PNmassey, SP paddocks were grazed by weaned ewes and R2 cattle
and at InvAgR, by yearling deer. Paddocks were grazed at least twice during this
preparation period, with the exception of PNmassey 2013 when paddocks were only

grazed once from December 1, because of a drought period in that year.

6.2.4 Animals

There were three categories of animals:

6.2.4.1 Resident deer

In March each year, recently weaned deer were allocated as “resident” animals to each
treatment (n=19 at InvAgR and n=20 at PNmassey). These were ranked by weight and
then randomly allocated within sex into each of the groups, except for InvAgR in 2012
when only male deer were used. The resident deer were bred on the farm for both

locations.

6.2.4.2 Tracer deer

At each location and each year, two sets of three “tracer” deer per treatment were
included to graze with the resident deer for five weeks to provide an estimate of the
availability of infective larvae on pasture. For PNmassey these were male weaned deer
purchased commercially and for InvAgR these were bred on the farm. The first set of
tracer deer were grazed with the resident deer from the commencement of the study
until they were slaughtered. They were effectively treated (as determined by FEC and
FLC) with an anthelmintic 5 weeks prior to slaughter. The second set immediately
replaced the first set and they were also effectively treated with an anthelmintic 5 weeks
prior to slaughter. The exception was at PNmassey in 2013 where the second set of
tracers were grazed off the experimental paddocks due to drought conditions until they
were introduced as tracers 5 weeks prior to slaughter. The first set of tracers were

slaughtered in Week 8 with the exception of the SP group at PNmassey in 2012 which
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was mistakenly drenched in Week 6 and consequently their slaughter was delayed by
three weeks (Week 11) to ensure they still had a five week period grazing pasture to be
expose to parasites. The second set of tracers was slaughtered at the end of the study in
Week 16. At PNmassey 2012 one tracer deer in this second set of tracers in the SP

group died of yersiniosis and it was not replaced.

6.2.4.3 Sheep and cattle

Young cattle and sheep born the previous spring were purchased commercially, with the
exception of sheep at InvAgR that were bred by AgResearch on an adjacent farm. The
number of animals required for each treatment were estimated by calculating predicted
feed consumption using the software “QGraze” (Woodward et al. 2001). The numbers
of sheep and cattle were adjusted during the experiment to match the stock unit

equivalent of deer in the experiment using this same software package.

6.2.5 Grazing Management

The original target was that deer had access to at least 1700 kg DM/ha to ensure that
pasture availability was not a limiting factor in liveweight gain (LWG). Animals in all
treatments were moved at the same time to the next paddock. At PNmassey animals
were moved when the pasture cover for any group declined to less than 1700 kg DM/ha.
At InvAgR all animals were moved on a weekly basis which generally followed this
same guideline. Pasture availability was measured using a rising plate meter both before
and after grazing. At PNmassey in both years due to drought conditions it was necessary
to provide supplementary feed (barley/hay) when pasture covers declined to less than
1700 kg DM/ha. To circumvent this restriction the animals were rotated to new
pastures three times per week. They were progressively introduced to barley from Week
7 in 2012 and in 2013 from the beginning of the trial. No supplementation was required
at InvAgR. Deer and the alternating species (sheep or cattle) were separated by five

paddocks in the rotation to provide the longest period possible between grazing.

6.2.6 Anthelmintic treatment

6.2.6.1 Resident deer
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All deer were treated as below at the beginning of the study in each year.

The decision to subsequently treat individual resident deer in DC, DS and DD was

based on any of the “trigger” criteria as follows:

1. If an individual faecal egg count (FEC) was > 250 eggs/g

2. If an individual faecal Dictyocaulus larval count (FLC) was > 100 larvae/g.

3. If an individual deer’s growth rate was less than 80% of the mean of the SP
treatment group in the previous two weeks, expressed as a proportion of the

individual deer’s weight compared to the proportional change in the SP

group.

Anthelmintic treatment was given on the day of sampling/recording if the trigger
reached was growth rate, or 1-2 weeks later if the trigger was FLC or FEC as it took

time to process the faecal samples.

The anthelmintic treatment used for all resident deer was oral abamectin (0.2 mg/kg;
Combat AbaCare LV®, Virbac New Zealand Ltd) together with oral oxfendazole (4.53
mg/kg; Bomatak C®, Bayer New Zealand Ltd).

The SP groups were regarded as minimally parasitized due to repeated anthelmintic
treatments and therefore assumed to have optimal growth rate within the constraints of

the study and against which values from DC, DS and DD were compared.

6.2.6.2 Tracer deer

Tracer deer were effectively treated (as determined by FEC and FLC) with short-acting
anthelmintics when they entered the study and five weeks prior to slaughter, except the
first set of tracer deer in InvAgR year 2012, which were euthanized four weeks after the
treatment. At PNmassey the treatment comprised Combat AbaCare LV® together with
Bomatak C®. At InvAgR the treatment comprised a double dose of oral oxfendazole (9
mg/kg; “Oxfen C”, Ancare NZ Ltd) prior to slaughter.

6.2.6.3 Cattle and sheep

Cattle and sheep were given anthelmintic treatment at the beginning of the field trial and

every four weeks during the study.
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At PNmassey the treatment for sheep in 2012 comprised monepantel (2.5 mg/kg;
Zolvix®, Novartis New Zealand Ltd) but this was changed for the last two treatments to
monepantel together with oxfendazole+levamisole (4.5 +8 mg/kg: Scanda®, Schering
Plough Animal Health Ltd). In 2013 the treatment was derquantel+abamectin (2 +0.2
mg/kg: Startect®, Pfizer NZ Ltd).

At PNmassey the treatment for cattle in 2012 comprised oral abamectin (0.2 mg/kg;
Combat AbaCare LV®, Virbac New Zealand Ltd) together with oral oxfendazole (9.06
mg/kg; Bomatak C®, Bayer New Zealand Ltd) but this changed for the last two
treatments by replacing oxfendazole with oxfendazolet+levamisole (4.5mg/kg
oxfendazole + 8 mg/kg levamisole: Scanda®, Schering Plough Animal Health Ltd). In
2013 the treatment was oral abamectin (Combat AbaCare LV® with

oxfendazole+levamisole (Scanda®) as at the end of 2012.

At InvAgR the treatment for cattle and sheep comprised 0.2 mg/kg abamectin and 8
mg/kg levamisole HCI (Converge, MSD Animal Health).

6.2.7 Parasitological techniques

Deer samples were taken every two weeks for egg counts and larval counts. From cattle

and sheep, faecal samples were taken every four weeks.

6.2.7.1 Faecal egg counts

Faecal egg counts (FEC) were undertaken at Massey University with the exception of
InvAgR 2012 which were undertaken by AgResearch Grasslands. At Massey University
the technique used was a modified McMaster technique where each egg counted
represented 50 eggs per gram of faeces (eggs/g) (Stafford et al. 1994). At AgResearch

the technique was similar but each egg counted represented 25 eggs/g.

6.2.7.2 Larval counts

Counts of lungworm larvae in faeces were undertaken at Massey University. These
were estimated using a Baermann Technique where 4 g of faeces were suspended in
water in a small measuring funnel for at least 12 hours (Henriksen 1965). The number

of larvae recovered were counted and then converted to larvae/g faeces.
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6.2.7.3 Worm counts

After slaughter of the tracer animals, the abomasa, small intestines, large intestines and
lungs were removed and frozen at -20°C until processing for worm counts (Appendix 7
SOP 6 and 7). Individual organs were later thawed, and worm counts were undertaken
on 5% aliquots of abomasal and small intestinal washings and 10% aliquots of large
intestinal washings with the exception that only 2% aliquots were counted on five tracer
deer with high burdens of Ostertagia-type nematodes in the abomasum at AgResearch
Invermay in 2012. In addition, the abomasal tissue was subject to digestion in
pepsintHCL at 37°C until the mucosal tissue was disrupted, then 5% aliquots of these

were also counted. All aliquots were sieved over a 37.5 pm mesh.

From the abomasum and small intestine, all available males for each genus up to a
maximum of 50 per animal, were examined and identified to species. These proportions
were used to calculate the worm burdens of each species within a genus for each animal.
In the large intestine, for the identification of Oesophagostomum sp., all the females and

males were collected and identified.

To count lungworms the perfusion method modified by Hoskins et al (2000b) was used
and worm counts were performed on 100% of the recovered liquid. These were all

assumed to be Dictyocaulus eckerti.

6.2.8 Statistical analysis

Statistical analyses were carried out using SAS (Statistical Analysis System, version

9.3; SAS Institute Inc., Cary, NC, USA).

6.2.8.1 Total number of anthelmintic treatments (AT)

This variable was analysed using the MIXED procedure with a linear mixed model that
included the fixed effect of treatment and the random effects of year and location. Least
squares means (LSM) and standard errors were obtained and used for multiple

comparisons using the least significant difference test as implemented in SAS.

6.2.8.2 Time to receive first and second anthelmintic treatment
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Statistical differences between experimental groups for cumulative numbers of animals
receiving anthelmintic treatment within each location and year were evaluated with the
Wilcoxon test of equality using the LIFETEST procedure. The inverse of survival
curves for each experimental group were obtained using the Kaplan—Meier method

(Kaplan and Meier 1958).

6.2.8.3 Tracer worm counts

Worm burdens were analysed after a logarithmic transformation using the MIXED
procedure with a linear mixed model that included the fixed effect of treatment and the
random effects of year and location. The LSM and standard errors were obtained and
used for multiple comparisons using the least significant difference test as implemented

in SAS. Results are presented as back-transformed LSM with 95% confidence intervals.

6.2.8.4 Live weight

Repeated measures of live weight on the same animals were analysed using the MIXED
procedure with a linear mixed model that included the fixed effect of treatment and the
random effects of year and location. Liveweight gain at the end of the period was
analysed with a mixed linear model that included the fixed effect of treatment with year
and location as random effects. Least squares means and standard errors were obtained
for each treatment and used for multiple comparisons using the least significant

difference test as implement in SAS.

6.3 Results

6.3.1 Total Number of Anthelmintic Treatments (AT)

Deer were generally trigger-treated based on the weight criteria rather than egg or larval

counts and none of the deer suffered from clinical parasitological disease.

A summary of the number of AT given is shown in Figure 0.2 and all the raw data is
shown in Appendix 6, Section 1. The LSM of the number of AT per animal were
DS=3.4, DD= 3.3, and DC=2.7. The numbers of AT received were significantly
different between the treatment groups (p<0.01). A comparison of means between

groups showed a significant difference in numbers between DD and DC (p=0.0002) and
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between DC and DS (p<0.0001) but there was no significant difference between DD
and DS groups (p=0.51). The result excludes the first treatment that was given to all the

treatments.

Figure 0.2 A box plot of the number of anthelmintic treatments given per animal by
treatment group. DC = Deer with cattle; DD = Deer grazing alone; DS = Deer with
sheep.
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6.3.2 Time to Receive First and Second Anthelmintic Treatment.

Deer in DS and DD groups required treatment sooner than the DC group. A comparison
of time to first anthelmintic treatment with Wilcoxon test of equality, between two
groups, showed a significant difference between DD and DC (p<0.0001) and between
DC and DS (p<0.0001) but there was no significant difference between DD and DS
groups (p=0.83) (Figure 0.3). A comparison of time to second treatment showed a
significant difference between DD and DC (p=0.0005) and between DC and DS
(p=0.0004) but again there was no significant difference between DD and DS groups
(p=0.68) (Figure 0.4).
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Figure 0.3. Proportion of deer in each group to receive first anthelmintic treatment at

each sampling period.
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Figure 0.4. Proportion of deer in each group to receive second anthelmintic treatment at

each sampling period.
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6.3.3 Live weight and Liveweight gain:
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The LSM liveweight gains for the 16 week period, combined over both years and
locations were SP=17.9 Kg, DC= 16.6 Kg, DD=13.8 Kg and DS=12.8 Kg. The SP and

DC groups had significantly higher liveweight gain (p<0.0014) than the other two

groups. The live-weights followed the same trend (Figure 0.5). The LSM live weights
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at the end of 16 weeks (day 112), both locations and years combined, were SP= 61.4
Kg, DC= 61.3 Kg, DD=59.1 Kg and DS=58.6 Kg. The SP and DC groups had
significantly higher live weights (p<0.001) than the other two groups.

The live weight and liveweight gain analysis will have been confounded by the number

of treatments given to each of the groups.

Figure 0.5. Least square mean live weights for the different groups with SEM are

shown.
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6.3.4 Faecal Egg and Larval Counts

Raw data is found in Appendix 6 Section 2. Suppressive treatment of the SP group

resulted in their egg counts consistently being 0 eggs/g.

6.3.5 Tracer Deer Worm Counts

6.3.5.1 Abomasum:

A summary of the overall abomasal Ostertagia-type worm burdens is shown in a
boxplot in Figure 0.6 with the raw data in Appendix 6, Section.3. The LSM of the
Ostertagia-type nematode values were DD=1950, DC=689, DS=370, SP=238. There
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were significantly more in DD than in DS (p=0.003) and SP (p=0.0002) but there was
no difference in numbers between DC with DD (p=0.058) or with DS (p=0.056), nor

between any other combination.

For S. asymmetrica LSM burdens were DD=117, DC=47, DS=9 and SP=26. Higher
worm burdens were seen in the DD group than in the others but this was only

significantly different when comparing DD with the DS group (p<0.01).

For S. spiculoptera LSM burdens were DD=148, DC=55, DS=13 and SP=32. Higher
worm burdens were seen in the DD group than in the others but this was only

significantly different when comparing DD with the DS group (p<0.01).

For O. leptospicularis LSM burdens were DD=886, DC=389, DS=137, and SP=264.
Higher worm burdens were seen in the DD group than in the others but this was only
significantly different when comparing the DD with the DS group (p<0.001). However,
it approached significance for the difference between DD and the SP group (p=0.055).

For T. circumcincta LSM burdens were DD=2, DC=4, DS=35, and SP=2. Higher worm
burdens were seen in the DS group and these were significantly higher than in the DD
group (p<0.001), DC group (p<0.01) and the SP group (p<0.001). Nevertheless, the

burdens were generally low in all groups.

For O. ostertagi very few nematodes were found in any animals. The LSM were DC=1,

DD=0, DS=0 and SP=0. No statistical comparisons were made.

In 2012 in InvAgR, there was a notably high burden of Ostertagia-type nematodes in
the second set of tracers in the DC group (LSM=56794) and they were dominated by O.
leptospicularis (73%). This was higher than the burdens in all the other groups on this

occasion.

Figure 0.6. Box plot of Ostertagia-type worm counts by group.
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Trichostrongylus spp. abomasal worm burdens are shown in a boxplot in Figure 0.7.
The LSM of the Trichostrongylus spp. nematodes values were DD=17, DC=37,
DS=952, SP=54. There were significantly more Trichostrongylus spp. in DS than in the
other groups (p<0.0001) with no difference between DD, DC and SP.

For T. axei LSM burdens were DD=54, DC=145, DS=1344, and SP=152. Higher worm
burdens were seen in the DS group. Significant differences were found between the DS

group and DC group (p<0.01), SP group (p<0.0001) and the DD group (p<0.01).

For T. askivali LSM burdens were low being DD=1, DC=1, DS=0, and SP=0 with
positive worm burdens only being seen in the DD and DC groups. No statistical

comparisons were made.
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Figure 0.7. Box plot of abomasal Trichostrongylus spp. count by group.
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Haemonchus contortus: This species was only found at PNmassey in low numbers and

differences between groups were not significant p=0.087.

6.3.5.2 Small Intestine and Large Intestine.

In the small intestine there were few nematodes in any group. There were negligible
numbers of Trichostrongylus (T. colubriformis and T. vitrinus) and Cooperia (C.
punctata, C. pectinata and C. curticei) in all the treatment groups. No significant

differences were seen.

In the large intestine, Oesophagostomum venulosum was the only nematode found, the
LSM values were DD=6, DC=6, DS=10 and SP=1 but there were no significant
differences between groups (p= 0.1024).

6.3.5.3 Lungs

A summary of the lungworm burdens is shown in a boxplot in Figure 0.8. The LSM of

the Dictyocaulus eckerti nematodes values were DD=40, DC=4, DS=3, SP=3 There
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were significantly fewer Dictyocaulus eckerti in DS, DC and SP (p<0.0001) than in DD

treatment group.

Figure 0.8. Box plot of Dictyocaulus eckerti count by groups
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6.4 Discussion

The results of this study have demonstrated that for young deer in the 16 weeks after
weaning, cross-grazing with an alternative ruminant species offers some advantages
over mono-grazing. However, the advantages varied between the use of sheep or cattle
and in the ability to control different species of parasites. The DC group received fewer
treatments than other groups and grew as well as the SP group, indicating that, within
the constraints of this grazing study, cross-grazing with cattle was the most effective
way to graze deer to obtain additional parasite control. Consistent with the fewer
treatments received was the observation that the time for DC deer to receive their first
and second treatments was also slower than for the other groups. Nevertheless, all deer
did receive at least one treatment, and most a second treatment, indicating that cross-

grazing alone was not sufficient to fully control nematodes in young deer in the

114



conditions existing in this study. By comparison the DS group required the same
number of treatments as the DD group and still grew less well than the SP group. There
were advantages for the DS group in that they had fewer Ostertagia-type nematodes
than DC and DD.

The lungworm, Dictyocaulus eckerti, has historically been considered to be the most
important internal parasite of farmed deer in New Zealand, especially early in autumn
(Charleston 1980; Mason 1985a) because it can cause death in young animals. In this
study, the highest burdens were found in deer in the DD group. Another important
clinical result was that cross-grazing with either sheep or cattle was effective in
achieving a high level of control of this parasite. This is consistent with earlier reports
of low cross-infection of D. viviparus from cattle to deer and no cross-infection of D.
eckerti from deer to cattle (Johnson et al. 2003b). In addition, it was observed that some
tracer deer in the SP group had small burdens of lungworm, reflecting survival of larvae
on pasture prior to the commencement of the study. Since it is known that D. viviparus
is capable of overwinter survival (Gupta and Gibbs 1970; Strube et al. 2007; Laabs et
al. 2012), it is likely that D. eckerti may do so as well.

Of the gastrointestinal nematodes, the Ostertagia-type nematodes of deer are considered
to be the most important because of their high prevalence. In this grazing experiment
the highest burdens were found in the DD group which was significantly higher than for
the DS and SP groups, indicating a reduction of the burdens of Ostertagia-type
nematodes resulting from grazing with sheep. Even though the difference between the
DD and DC groups was not significant, results showed a tendency toward lower counts
in the DC groups compared to DD groups (p=0.058). Thus cross-grazing with sheep
appears to be more effective in reducing the challenge of Ostertagia-type nematodes for

deer than cross-grazing with cattle.

Of the Ostertagia-type nematodes, O. leptospicularis was the most prevalent species in
all the treatments groups with the highest numbers recovered from tracer deer in the DD
group but this was only significantly higher than the DS and SP groups, not the DC
group. This particular species is of interest as it is known to be able to readily parasitise
cattle (Bisset 1980; Borgsteede 1981; Buel et al. 1984; McKenna 2009a) and also
sheep (Borgsteede 1981; McKenna 2009a). Whilst the DD group had the highest counts
it was notable that the second set of tracers at InvAgR had high burdens in the DC
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group in 2012 which were higher than the DD group at that time. The reason for this
high number is uncertain but may involve anthelmintic resistance to the double dose of
oxfendazole used to treat the tracer deer at this location at that time although it was not

observed for the other tracer sets.

As expected, tracer deer in the SP group had the lowest burdens of Ostertagia-type
nematodes, but these were not significantly lower than in the DS group further
demonstrating the value in cross-grazing with sheep. Since the faecal egg counts in the
SP group were consistently zero throughout the study period the presence of small
burdens in the tracers in the SP group would indicate that some larvae had survived on
pasture from before the study began. The absence or very low burdens of T.
circumcincta and O. ostertagi from the tracer deer in any group is consistent with the
results from the parallel challenge studies conducted at Massey University, which
showed that the establishment rate of these in deer was low (Tendoesschate et al.

unpublished; Tapia-Escarate et al. 2015a; Tapia-Escarate et al. 2015b;Chapter 5).

Abomasal Trichostrongylus spp. counts were significantly higher in the DS groups,
compared to all the other groups implying that T. axei established more successfully in
sheep than the other host species. Parallel challenge studies of the infectivity of cattle
and sheep nematodes for deer indicate that the establishment rate of T. axei in sheep was
74% compared to 12% in deer when sheep origin larvae were used (Tapia-Escarate et
al. 2015b; Chapter 5) and when cattle origin larvae were used there were no significant
differences in the establishment rate of T. axei between cattle (19%) and deer (25%)
when using cattle-origin infective larvae (Tendoesschate et al. unpublished;Tapia-
Escarate et al. 2015a). Thus the results from the present study are consistent with those
cross-infection studies. In two field studies in Australia contrasting results were seen
with T. axei burdens in sheep where one found lower counts in sheep as a result of cross
grazing with cattle (Barger and Southcott 1978) whilst the second found higher counts
when co-grazing with cattle (Arundel and Hamilton 1975). According to Ross and
Purcell (1969) different strains of T. axei have a predilection for different host species.
In the DS in this study group, T. axei was cycling relatively easily, suggesting that in
these paddocks sheep and deer were susceptible to this T. axei strain and this may be at

least part of the explanation for the higher T. axei counts in deer in the DS group.
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Abomasal Haemonchus contortus were only seen at PNmassey. Numbers were
generally small and the differences between groups were not significant. This species
has been observed to establish in deer at a lower rate than in sheep but at a similar rate
to cattle (Tendoesschate et al. unpublished;Tapia-Escarate et al. 2015a; Tapia-Escarate
et al. 2015b; Chapter 5). As there were only small numbers it is unlikely they would

have been having a significant clinical impact on deer.

The choice to use a growth rate of only 80% of the SP group as a trigger to treat animals
in the other groups was determined by analysing results from an earlier study with
young deer at Massey University during the same months of the year, where a group of
animals were trigger treated based on faecal egg and larval count criteria. The aim in the
present study was to set a level that would be sensitive to lower growth rates. This
trigger criterion was successful because for the majority of cases the weight gain
criterion was the reason that animals were treated. Growth rate is a very important
measure because it has economic implications. In comparison the trigger based on
faecal egg and larval counts was only used on a few occasions and none of the deer
suffered from parasitological clinical disease. This is consistent with other work in deer
that shows that weight is a more sensitive marker of parasites than FEC or FLC (Hoskin

et al. 2000b; Hoskin et al. 2007).

It needs to be acknowledged that live-weight data analysed here are potentially
confounded by the differences in numbers of anthelmintic treatments given. It may also
be affected by differences in pasture residual dry matter values between sheep, cattle
and deer which can influence the available pasture for deer the next time they grazed
paddocks, despite that attempts were made to minimise this effect by measuring pasture
dry matter, and adjusting stocking rates accordingly. Nevertheless, the DC group grew
as well as the suppressively treated SP group suggesting advantages in terms of growth
rate for this particular model of cross-grazing. The deer in the DS group received more
anthelmintic treatments but still grew less well than either the DC or SP groups.
Together with the parasitological effect, the growth effect may also be caused by the
feeding habits of deer that can be complemented by cattle whilst being competitive with

sheep (Hoskin 2007).

At PNmassey the liveweight gains achieved in the DC and SP groups (19 g/d) were

similar to the industry maximum performance targets for autumn for New Zealand red
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deer (18.35 g/d) (Stevens 2014). This would indicate that together with the grazing
management the use of supplementary feed on top of the available pasture was more
than adequate to allow all the treatment groups animals to grow at a rate consistent with

accepted industry standards.

This study did not consider the effects of cross-grazing on the young sheep or cattle.
Both groups were regularly treated at four weekly intervals and because of drought
conditions in both years, particularly at Massey University, they were given
supplementary feed which would have distorted any effect of deer creating unsuitable
pasture for cattle in particular. Future studies should also consider the effects of cross-
grazing on these animals and also any benefits from cross-grazing with both cattle and

sheep simultaneously.

In summary, this study demonstrated that cross-grazing with cattle, in particular, was
reasonably effective in reducing the size and the effects of gastrointestinal nematode
burdens in the young deer and that cross-grazing with cattle or sheep in the autumn was
effective in reducing the lungworm numbers in weaner deer. Based on the criteria
applied, cross-grazing did not provide sufficient control to completely avoid use of
anthelmintic treatments in either the DC or DS groups, but deer in the group cross-
grazing with cattle required fewer treatments than the DD group. In principle, fewer

treatments should reduce the rate of development of anthelmintic resistance.
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Chapter 7 General Discussion

3.3 Introduction

The aim of this thesis was to better understand different aspects of gastrointestinal
nematode (GIN) infection in red deer, including pathogenicity, diagnosis and control. In
New Zealand, parasites are an important economic and clinical problem (Audigé et al.
1998) and they have been acknowledged as a problem since the commencement of deer
farming (Mason 1977; Watson and Charleston 1985b; Audigé et al. 1998). The most
important parasites in farmed deer are the lungworm Dictyocaulus spp. that can cause
severe disease in naive animals (Charleston 1980; Mason 1985a) and GIN. Due to the
initial view that GINs were of limited importance, few studies were undertaken with
these parasites alone. However, the impact of GIN has likely been underestimated and
recent evidence of widespread resistance in the Ostertagia-type nematodes to ML
anthelmintics (Lawrence 2011; Lawrence et al. 2012; Hodgson 2013; Lawrence et al.
2013; Mackintosh et al. 2013) and evidence of resistance to oxfendazole in these same
nematodes (Lawrence et al. 2013) has increased the likely importance of this group of

nematodes.

The first studies (Chapter 2 and 3) in this thesis investigated the production impact of
GIN in deer with a focus on the Ostertagia-type nematodes because of their importance
in deer production. The second studies (Chapter 5 and 6) were undertaken because
while it is known that red deer can be infected with some GIN of cattle and sheep, it
was important to understand the cross-infection risks associated with mixed species
grazing systems and also to explore the effectiveness of an organised cross-grazing
system with sheep and/or cattle for controlling deer nematode parasitism. Finally, as
there was little specific information on the prevalence of different species of nematodes
in deer in New Zealand, including species for which the preferred hosts are sheep or
cattle, one of the milestones of this thesis was to develop and consolidate PCR methods
to correctly identify parasites to species level in live animals and to gather information

about the prevalence of deer nematodes in New Zealand.
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3.4 GIN in deer in New Zealand.

3.4.4 Ostertagia-type nematodes

This thesis supports the evidence that deer-specific nematodes in the sub-family
Ostertaginae  (=Ostertagia-type; Spiculopteragia asymmetrica, Spiculopteragia
spiculoptera and Ostertagia leptospicularis) are arguably the most important GIN in
deer. Considering this collective group of species together as one there are a number of

general observations

In the cross-grazing study (Chapter 6) the tracer animals were exposed to a natural
challenge of nematodes for five weeks and the highest burdens of deer-specific
Ostertagia-type nematodes were observed in the deer which were mono-grazing (“DD”
group). Similarly, in the survey on identification and distribution of GIN in New
Zealand study (Chapter 4), the highest prevalence of deer Ostertagia-type nematodes
was found on farms that grazed only deer (Deer only). Therefore, it can be inferred that
the introduction of cattle or sheep in the system can assist in the reduction of the
number of Ostertagia-type nematodes in deer. However, the advantages varied between
the use of sheep or cattle with regards to the level of control of different species of

parasites.

For control of Ostertagia-type nematodes the inclusion of sheep appears to have some
advantages. As shown in the cross-grazing study (Chapter 6) the DD group was most
exposed to Ostertagia-type nematodes whilst deer cross-grazing with lambs (DS) had
significantly fewer Ostertagia-type nematodes. Similarly, in the survey on nematodes in
deer (Chapter 4), farms that included deer and sheep (Deer/Sheep) had significantly
fewer Ostertagia-type nematodes than the farms with only deer. In comparison,
although there was a tendency toward lower counts of Ostertagia-type species in the
deer grazing with cattle group (DC) compared to the DD group, this difference was not
significant, likely because three tracer deer at AgResearch Invermay in 2012 in the DC
group, had very high burdens of Ostertagia-type nematodes (n=> 40,000), affecting the
total results. This result may reflect the ability of O. leptospicularis, one of the
Ostertagia-type species, to also readily parasitise cattle but it was not possible to
decisively conclude the actual reason in that study — see below. However, in the survey

study (Chapter 4), farms that included deer and cattle (Deer/Cattle) also had
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significantly fewer Ostertagia-type nematodes than the farms with only deer which is a
slightly different trend to that seen in the cross-grazing study (Chapter 6). Clearly
further study is required to assess the risk of cross infection between cattle and deer for

Ostertagia-type parasites.

Considering the members of this group of nematodes species by species some different
trends are apparent. In tracer deer in the cross-grazing study, O. leptospicularis was the
most prevalent species in all the treatments groups. To the contrary in the survey study
(Chapter 4), this nematode was the least common of the three deer Ostertagia-type
species although only significantly different from S. asymmetrica which was the most
prevalent. In the initial pathogenicity study (Chapter 2) which was also undertaken
using a mixed culture of larvae from young weaner deer from the Massey University
Deer Unit, O. leptospicularis was also the least frequent. The reason for these different
observations isn’t clear but may have an element of seasonality affecting which species
dominates at times. As indicated above, O. leptospicularis is of interest as it is known
to be able to readily parasitize cattle (Bisset 1980; Borgsteede 1981; Buel et al. 1984;
McKenna 2009a). However, it is also described that it can infect sheep (Borgsteede
1981; McKenna 2009a) although it appears to be rarely reported from sheep. In the
survey study (Chapter 4) a higher prevalence of this species was seen in the Deer-only
farms, but this prevalence was only significantly higher than Deer/Sheep farms, and not
significantly different than Deer/Cattle farms and those with all three host species
“DSC” (Deer/Sheep/Cattle). Similarly, in the cross-grazing study, the only significant
differences were seen between the DD and DS group. These results suggest that, even if
sheep can be infected with O. leptospicularis, cattle are more likely to preserve the

cycle of this species on the farm.

In the cross-grazing and in the survey study higher prevalences of S. asymmetrica and S.
spiculoptera were observed in the Deer-only farms compared with those with deer
grazing with an alternative host, but significant differences were not always found.
These results suggest that grazing with an alternative host can aid in the control of these

two nematode species.

Ostertagia-type nematodes which have cattle or sheep as their normal hosts, may also
be found in deer but usually in very low numbers. Ostertagia ostertagi, which has cattle

as its preferred host, was found in low numbers in deer in the cross-grazing study
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(Chapter 6). This is supported by an indoor infectivity trial where deer infected with
GIN from cattle and where the establishment rate of O. ostertagi was only 0.7% in deer
compared to 31.0% in cattle (Tendoesschate et al. unpublished;Tapia-Escarate et al.
2015a). Similarly, for T. circumcincta for which the normal host is sheep, a low
prevalence, small burdens and low establishment rate were observed in the survey,
cross-grazing and indoor infectivity studies respectively. Although no studies were
conducted in sheep and cattle to verify that GIN were reduced when cross-grazing with
deer, the low infectivity of O. ostertagi and T. circumcincta in deer suggest that cross-
grazing sheep and cattle with deer may also be a good tactic to controlling these

nematodes in these other domestic species.

Because of the known importance of the deer Ostertagia-type nematodes, one of the
aims of this thesis was to undertake a pathogenicity study (Chapter 2) in which the
intention was to infect the deer with three doses of Ostertagia-type nematodes to cause
an effect on growth rate but without overt clinical signs. However, while the dose of
deer-origin infective larvae comprised 40% Ostertagia-type, a high proportion of
Oesophagostomum spp. larvae (53%) were also present. As a result, the animals were
clinically affected by the large intestinal lesions associated with Oesophagostomum spp.
and this study could not effectively investigate the effect of different dose rates of

Ostertagia-type parasites per se.

3.4.5 Oesophagostomum spp.

Oesophagostomum venulosum is commonly found in the large intestine of red deer in
New Zealand, even though its preferred hosts are sheep and goats (Hoskin et al. 2000b;
McKenna 2009a). Oesophagostomum sikae which is morphologically similar to O.
radiatum has been found in sika deer (Cameron and Parnell 1933; in Popova 1965) and

in red deer in New Zealand (Chapter 2).

In sheep, O. venulosum is not considered pathogenic, principally because it does not
induce nodule formation around the larvae within the mucosa. However, nodule
formation has been reported in at least two studies with experimentally infected sheep
(Goldberg 1952; Clark et al. 1978). In comparison, cattle do develop a pronounced

inflammatory nodule around O. radiatum larvae within the mucosa and a large number
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of nodules can cause considerable damage, resulting in clinical disease (Taylor et al.

2007). To date there are no reports on the pathogenicity of O. sikae in any deer species.

As explained previously, the pathogenicity initial study was terminated earlier than
planned for the onset of clinical signs, due to the occurrence of numerous inflammatory
nodules in the mucosa of the terminal small intestine and large intestine together with
substantial oedema and a general inflammatory response around the large intestine,
likely due to the present of a large quantity of Oesophagostomum spp. nematodes. In
that study, O. venulosum was the predominant species but a small proportion of the
newly recorded Oesophagostomum sikae were also identified. Because the overall
establishment for Oesophagostomum spp., based on counts of adult nematodes was low
(9-13%) the degree of pathological damage seen in this study was not expected. It
remains unclear if this was caused by O. venulosum larvae trapped within the mucosa
subsequently forming inflammatory nodules or is a normal consequence of O. sikae. It
was intended that the larvae would be recovered from the mucosa of the large intestines
with pepsin digestion, but this procedure was not effective at releasing the larvae and
the identification of the larvae to species level was not possible. Because there are no
reported cases that described nodules in the large intestine of deer by either O.
venulosum or O. sikae only assumptions can be described. If it is assumed that O. sikae
is more likely to induce mucosal nodules as for most other Oesophagostomum species
such as O. radiatum, then many of the larvae given to these deer may have remained
within the mucosa. However, in the pathogenicity follow-up study (Chapter 3) O. sikae
was also present but no nodules were found. In addition, in the survey study (Chapter
4), the prevalence of this nematode was low although it was still identified on 17% of
the farms and there have been no reports of nodules associated with these parasites
described in New Zealand. In the cross-grazing study (Chapter 6), somewhat
surprisingly. O. sikae was not identified in any deer and the burdens of O. venulosum
were low and no nodules were observed. Therefore, it is concluded that high infections
with Oesophagostomum spp. were clearly the cause of the occurrence of numerous
inflammatory nodules in the mucosa of the terminal small intestine and large intestine
but it remains unclear as to which species was involved. It was also very obvious from
this study that this challenge caused considerable pathological damage with a resultant

rapid reduction in weight gain and voluntary feed intake.
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In the survey study (Chapter 4) larvae from the O. venulosum species was the most
prevalent at farm level and in overall frequency. The overall prevalence was 47%.
Similarly, a high percentage of larvae of this nematode (53%) was recovered from six
Massey University-born weaner red deer which were the source of the larvae given to
the deer in the initial and follow-up pathogenicity studies (Chapter 2 and 3). Even
though its normal host is considered to be sheep, this species is consistently present in
studies in red deer in New Zealand although with different frequencies (Hoskin et al.
2000a; Hoskin et al. 2000b; Hoskin et al. 2005). The frequency in the survey study
(Chapter 4) was even higher on farms that also grazed sheep compared to deer-only
farms. No significant differences between groups (p= 0.1024) in the burdens of O.
venulosum were observed in the cross-grazing study (Chapter 6) but relatively greater
burdens of this nematode were recovered in deer that were cross-grazing with sheep.
Such results suggest this species is well adapted for deer. However, in the related cross-
infection study (Tapia-Escarate et al. 2015b; Chapter 5) which utilised sheep-origin
infective larvae, the establishment rate of O. venulosum was significantly lower in red
deer than in sheep but 5.8 % of the infective dose still established compared to 21.6 %
in sheep. This suggests that sufficient larvae must still establish in deer to allow the
infection to carry forward on deer pastures even though it is less well adapted to deer
than for sheep, its natural host. The results can be somewhat distorted when it is
considered that O. venulosum is highly fecund (Koprivnikar and Randhawa 2013) and
the frequency of this nematode in Chapters 2, 3 and 4 are likely to overestimate the
actual worm burdens. In a second study, not part of this thesis, when using cattle-origin
infective larvae to infect cattle and deer (Tendoesschate et al. unpublished;Tapia-
Escarate et al. 2015a), low burdens of O. venulosum were present in the infective dose,
but this nematode established better in deer than in cattle (p = 0.016). O. venulosum is
not considered a normal parasite of cattle (Borgsteede 1981) which is consistent with
this finding. Even if cross-infection of O. venulosum between sheep and deer is
successful, this nematode is considered of limited pathogenic significance under natural

conditions.

The distribution of O. venulosum in Australia has been described as more common in
winter-rainfall areas (Cole et al. 1986) but results from this study under New Zealand
conditions indicate it would be considered a “normal” deer parasite observed equally

commonly in both islands. In lactating ewes in New Zealand, it was observed to be
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similarly common across a range of farm types and locations (Hervé et al. 2003). Whilst
other species from this genus, including O. radiatum, O. venulosum and O.
columbianum struggle in areas with cold winters (Sutherland and Scott 2009), the free-
living stages of O. venulosum are able to survive on pasture over winter in temperate
areas (Taylor et al. 2007) so it is not unexpected that it is reasonably common in New
Zealand. A somewhat surprising result in the survey study (Chapter 4) was the higher
prevalence of O. venulosum in winter. However, as most of the samples from DS, where
the highest prevalence of this nematode was found, were taken in winter (144 of 168

larvae) the results may have a bias due to the time of collection of samples.

3.4.6 Abomasal Trichostrongylus spp.

Trichostrongylus axei and Trichostrongylus askivali are the two abomasal

Trichostrongylus species commonly found in deer in New Zealand.

Trichostrongylus axei has been recorded from a range of grazing species and it was
considered as the only member of this genus in the abomasum of red deer until 2009
when T. askivali was identified in deer from Massey University in an unpublished study
(McKenna 2009c). This recent discovery of T. askivali in New Zealand means we
know very little about it in terms of anthelmintic efficacy and pathogenicity. This
species was originally described from red deer in Scotland (Dunn 1965) so its presence
in New Zealand is not surprising. The total overall prevalence in New Zealand (Chapter
4) was low (3%), but the farm level prevalence throughout in New Zealand was 32%
(Chapter 4) indicating how common it is in New Zealand and that most likely it was
misidentified before 2009 because of the morphological similarities between these two
abomasal Trichostrongylus species. This nematode was also found in the cross-grazing
study (Chapter 6) and in the first stage of the pathogenicity initial study (Chapter 2) but

in low numbers in both studies.

T. axei is a species which is capable of infecting a variety of hosts with little host
preference (Borgsteede 1981) including deer. The pathogenicity of T. axei, as for other
trichostrongyloids, is influenced by the number of nematodes present and by the
development of the host immune response. The clinical signs reported in lambs include

diarrhoea, depression in food intake and weight loss. In severe cases, it can even cause
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death (Gibson 1954b, 1954a, 1955). In the cross-grazing study (Chapter 6) high burdens
of T. axei were found, particularly in the tracer deer in the DS groups. This coincides
with the lower liveweight gains and frequently used anthelmintic treatment for deer in
this group implying that higher burdens can generate production losses in farmed deer
too. However, although there is this relationship it is not necessarily causal as it is

confounded by the presence of other GIN species.

Parallel studies on the infectivity of cattle and sheep nematodes in deer (Tapia-Escérate
et al. 2015a; Tapia-Escarate et al. 2015b; Chapter 5) indicate that the establishment rate
of T. axei was higher in sheep (74%) than in deer (12%) when sheep-origin larvae were
used (Tapia-Escarate et al. 2015b; Chapter 5) again suggesting that at least this
provenance of T. axei was better adapted for sheep. Interestingly, in the second study
investigating the establishment of cattle origin nematodes in deer (Tendoesschate et al.
unpublished;Tapia-Escarate et al. 2015a), the T. axei establishment rates observed in
both the deer and cattle were lower than those for sheep observed in the first study and
interestingly there was no significant difference in the establishment rate of T. axei
between cattle (19%) and deer (25%). Overall, these cross-infection results suggest that
T. axei establishes better in sheep than in any other species but this doesn’t take other

factors into account.

Although the results indicate that T. axei of cattle origin appeared to establish more
successfully in deer the two studies were undertaken at different times and many factors
including the mix of species given as well as the host immune response may have varied
and influenced the results. In contrast, in the survey study (Chapter 4), the prevalence of
T. axei on Deer/Cattle farms (8%) was significantly higher than for any other
combination implying that the presence of cattle in the contamination of pasture was
increasing the prevalence of T. axei in deer. Results from published studies give similar
contradictory results for infections in sheep in two field studies in Australia. In one,
lower T. axei burdens were found in sheep as a result of cross-grazing with cattle
(Barger and Southcott 1978) whilst a second found higher numbers when co-grazing
with cattle (Arundel and Hamilton 1975). According to Ross and Purcell (1969),
different strains of T. axei have a predilection for different host species, and this may be

the reason for the variations between different studies.
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3.4.7 Haemonchus contortus

Haemonchus contortus have been found in a range of ruminants including deer although
their preferred hosts are considered to be sheep and goats. Their pathogenicity is mostly
due to their hematophagous feeding behaviour (Holmes 1987) and the consequences are
animals in poor condition with anaemia. In the North Island it is well known to be
capable of killing sheep and goats but there are only anecdotal comments from

clinicians reporting haemonchosis in red deer (Swanson et al. 2007).

The establishment rate for Haemonchus larvae observed in the initial pathogenicity
study was 31-51% (Chapter 2) which was higher than that observed in the two cross-
infection studies in sheep (Tapia-Escarate et al. 2015b; Chapter 5) or cattle parasites
(Tendoesschate et al. unpublished;Tapia-Escarate et al. 2015a) into red deer, where the
establishment rates of H. contortus was in red deer were 11%, and 19% respectively.
An explanation for this difference could be that H. contortus of deer origin are more
adapted for deer and hence establish in them more successfully than those of sheep or
cattle origin. Alternatively. it could reflect the deer in the two latter studies were pasture
reared and had already had some exposure stimulating some measure of immunity even

though they were of similar ages in each study.

In deer the low prevalence of Haemonchus in the survey study (Chapter 4) coincides
with other studies in New Zealand where this nematode has been reported with low
burdens in deer (Hoskin et al. 2000a; Hoskin et al. 2000b) including the cross-grazing
study (Chapter 6). In part, this will reflect the time of sample collection for the survey
as Haemonchus is more likely to be common during the warmer summer and early
autumn months. Overall it is known that this nematode prefers warm tropical and
subtropical areas because larval development requires relatively high temperatures and
humidity. However, given the observed establishment rates in the cross-infection
studies (Tapia-Escarate et al. 2015a; Tapia-Escarate et al. 2015b; Chapter 5) and the
initial pathogenicity study (Chapter 2), the results suggest that under field conditions
sufficient burdens of H. contortus could build up in deer to be clinically significant if

the environmental conditions are favourable.
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3.4.8 Small intestinal GIN.

Very few nematodes were found in the small intestine of deer in all studies undertaken.
In the initial pathogenicity study (Chapter 2) there were negligible numbers of
Trichostrongylus (T. colubriformis and T. vitrinus) and Cooperia (C. punctata, C.
pectinata) in all the treatment groups. In the cross-infection study (Tapia-Escarate et al.
2015b; Chapter 5), no Trichostrongylus colubriformis or Trichostrongylus vitrinus were
seen in any deer but were present in all sheep. In the cross-grazing study (Chapter 6)
insignificant numbers of any small intestinal GIN species were found with only a few
Trichostrongylus spp. (T. colubriformis and T. vitrinus) and Cooperia spp. (C. punctata,
C. pectinata and C. curticei) being found. In the survey study only T. vitrinus, C.
curticei and C. oncophora were identified (Chapter 4). Of these the most common was
C. oncophora with a 4% prevalence overall and was found on 17/59 properties
indicating it had a very low prevalence even though it was found on many properties.
The nematode T. vitrinus was found with a 3% of prevalence overall and was found on
17/59 properties with the prevalence of C. curticei being < 1%. The prevalence found
for C. oncophora (4%) in the survey study (Chapter 4) is in contrast to the results of the
cross-grazing study (Chapter 6) and pathogenicity initial study (Chapter 2) where this
species wasn’t found at all. In a related cross-infection study utilizing cattle-origin
infective larvae (Tendoesschate et al. unpublished;Tapia-Escarate et al. 2015a) the
establishment rate of Cooperia spp. in cattle was 72.0% compared to only 2.3% in deer
but when considered at the species level there was an even lower establishment rate of
C. oncophora (<1%) in deer. Overall, these results imply that C. oncophora is an
insignificant parasite for deer. A similar poor ability of both T. vitrinus and C. curticei

to establish in deer indicates that they are not important parasites for deer.

3.4.9 Dictyocaulus spp.

The lungworm, Dictyocaulus spp., is generally considered to be the most important
internal parasite of farmed deer in New Zealand, especially early in autumn (Charleston
1980; Mason 1985a). In the various studies for this thesis, Dictyocaulus eckerti was
only seen in the cross-grazing study since these animals were naturally infected.
Interestingly, cross-grazing with either sheep or cattle was effective in achieving a high

level of control of this parasite. This is consistent with earlier reports of low cross-
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infection of D. viviparus from cattle to deer and no cross-infection of D. eckerti from
deer to cattle (Johnson et al. 2003b). To date, there are no reports of cross-infection

between D. filaria from sheep to red deer and it is considered unlikely to occur.

D. eckerti is generally considered to be less robust on pasture than many other
strongylid nematodes but under certain conditions of low temperatures some L3 of D.
viviparus are capable of overwinter survival (Gupta and Gibbs 1970; Strube et al. 2007,
Laabs et al. 2012). It would appear from results of the cross-grazing study (Chapter 6)
this likely applies to D. eckerti as well, since some tracer deer in the suppressively
treated group still developed small burdens of lungworm even though the pastures they
were grazing on had been grazed by sheep and cattle for the period immediately prior to
the study commencing. It is presumed this reflects the survival of larvae on pasture

prior to the commencement of the study.

3.5 Diagnostic Techniques for GIN

A good diagnostic technique is essential for good control of parasites, as clinical signs
of helminth disease are not very specific. It is also important for detection of subclinical

infections and resistance to anthelmintics.

3.5.4 Nematode Burdens

The morphological methods for the identification of adult stages to species level can
only be used at post mortem. Because of its reliability this method was used as the
preferred method in the pathogenicity studies (Chapter 2 and 3), cross-infection study
(Tapia-Escarate et al. 2015b; Chapter 5) and cross-grazing study (Chapter 6).

In live animals in the pathogenicity studies (Chapter 2 and 3), cross-infection study
(Tapia-Escarate et al. 2015b; Chapter 5) and the cross-grazing study (Chapter 6)
quantifying eggs in faeces was the main indirect method for estimation of worm burden.
The deer in these studies were young animals after weaning. The relationship between
egg counts and worm burdens in deer is considered to be poor in one-year-old deer
(Mackintosh and Tolentino 2009), but in a study on anthelmintic efficacy by
Mackintosh et al. (2014b) it was found that there was a high correlation between

Ostertagia-type egg output and worm burden in younger deer. A similar change in the
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relationship with a developing immune response in the young deer was reported when
this correlation was shown to be moderate in young animals in their first autumn, but
low in following spring and summer when the animals were older (Mackintosh et al.
2014a). All the studies for this thesis were with young animals during the period when it
could be expected the correlation between egg counts and worm burdens was reasonable
except for the survey study (Chapter 4) where samples from older animals were used. In
this latter study, faecal samples were cultured and the larvae then identified. The change
in the relationship between egg counts and worm burdens may have influenced these
results and probably resulted in the Ostertagia-type nematodes being underestimated for

their true prevalence.

3.5.5 Blood Parameters

In the pathogenicity studies (Chapter 2 and 3) the aim was to find markers, including
blood, serum biochemical and haematological parameters to estimate abomasal worm
burdens in deer with subclinical parasitism. Though in the initial pathogenicity study
(Chapter 2) the deer were clinically affected by the large intestinal lesions associated
with Oesophagostomum spp., the study, while providing useful observations about
Oesophagostomum, could not achieve the aim of investigating subclinical effect of
Ostertagia-type nematodes. The blood test results in this study (Chapter 2) reflect a
classic parasitology response in the infected deer related to damage to the gut with a
rapid turnover rate of cells, a marked serum albumin decrease, globulin increase and a
decrease in the albumin to globulin ratio. Similar trends have been associated with
Ostertagia ostertagi in cattle (Murray et al. 1970) and with Teladorsagia circumcincta
in sheep (Coop et al. 1982), but also with heavy infections with Oesophagostomum
venulosum in sheep (Badrie and Kamenov 1982). In addition, there was a significant
increase related to infective dose rate in the eosinophil and basophil counts. It is well
known that eosinophils and basophils are associated with an immune response against
helminth infections mostly linked with Type 2 immune responses. In the follow-up
pathogenicity study (Chapter 3) with lower infective doses of infective larvae there were
no significant differences in voluntary feed intake or growth rates, and also no
significant difference in the levels of albumin, but there was a significant increase in the

levels of globulin and a decrease in the albumin to globulin ratio in the infected deer. In
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addition, there was a significant increase in the eosinophil and basophil counts in the
infected animals. These latest results suggest that there was less damage and lower
albumin losses through the mucosa, but still an immune response against the nematodes.
In general, as for sheep and cattle, these changes are very non-specific and not likely to

be helpful in diagnosing subclinical infections in particular.

No significant differences were seen in the pepsinogen levels between the different
treatments in both the initial pathogenicity study (Chapter 2) and the follow-up
pathogenicity study (Chapter 3). There have only been a few studies that have measured
pepsinogen levels in deer and they have found conflicting results. Audigé et al. (1998)
found that pepsinogen had an inverse relationship at herd level related to summer
growth of weaners, but this relation was not proven at the individual animal level. In
addition, Hoskin et al. (2000b) found a correlation between pepsinogen levels and
Ostertagia-type burdens, whilst others were not able to show a relationship with
burdens (van der Heide 2009). Therefore, it is not surprising that even with higher
burdens of Osteragia-type nematodes in this study no significant differences were found

between groups, suggesting that this is not a good estimator of worm burdens in deer.

3.5.6 Species ldentification by PCR

To be able to identify nematodes to species level in live animals, a collection of PCR
protocols were used to estimate the prevalence of different GIN species in red deer in
New Zealand (Chapter 4). The method used was largely adopted from that described by
Bisset et al. (2014) for identifying common sheep and cattle GIN, but further protocols

for some deer-specific GIN (Bisset unpublished) were also used.

In temperate climates, domestic farming species tend to host mixed nematode burdens.
Because New Zealand is a temperate country and mixed grazing is a common farming
system, an even wider range of nematodes are able to infect deer. The range of PCR
reactions used to identify infective larvae (Chapter 4) encompassed 15 nematode
species including common species in deer, sheep as well the more common species
from cattle. Given the large number of nematode species, some primers had issues with
cross-reactions. This was resolved by developing new primers, retesting some larvae

and running the reactions in a specific order. The protocol followed did allow the
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identification of the most likely common species in deer with relatively high efficiency,
but it does highlight that further work on developing and validating better primers
without any cross-reaction between species found in deer needs to be undertaken before

this approach can be more widely adopted.

3.5.7 The effect of variations in metabolic age.

As animals develop an immune response, despite them potentially receiving a constant
challenge with parasites, some will be resilient and maintain their performance (Bisset
et al. 2001) and others will be resistant to parasites having very low FEC but with lower
weight gain. It is recognised that young ruminants proceed through three phases in the
development of their immune response to GIN (Kimambo et al. 1988). The first is the
hyporesponsive stage, the second the acquisition phase during which immunity is
developing and the third is the mature expression phase. The impact of GIN during the
first is minimal but is maximal during the acquisition phase. In contrast the
maintenance of immunity during the expression phase will require the use of both
protein and energy resources but usually doesn’t result in overt disease. Greer and
Hamie (2016) argue that the age at which various breeds of sheep reach the expression
phase reflects the speed they attain metabolic maturity and they calculate this is 45% of
their expected mature body weight. Comparing lines of sheep which develop lower
faecal egg counts (resistant) with those with higher faecal egg counts (resilient) these
authors argue the resistant animals have a lower metabolic age of maturity as reflected
in these single trait selection lines. Since resilient animals exist in most groups of
ruminants it provides an opportunity to reduce the number of anthelmintic treatments
and only treat those who haven’t performed. This is termed targeted selective
anthelmintic treatment. Adopting this approach will allow farmers to reduce the number
of treatments overall and also the selection pressure for anthelmintic resistance. This
same concept is as likely to exist for deer as it does for sheep and probably reflects a

higher susceptibility to nematodes in animals which have a higher mature body weight.

In the cross-grazing study (Chapter 6) three diagnostic methods were used as targets for
selective treatment. These were faecal egg counts, faecal larval count and deer growth
rate. For the last of these deer were treated if an individual deer’s growth rate was less
than 80% of the mean of the SP treatment group over the previous two weeks. In this

study, the SP group was regularly treated and were intended to represent the maximum
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growth rate possible without any impact of parasites. For this experimental approach the
use of liveweight was more sensitive than the triggers for FEC and FLC that had been
adopted. The findings are similar to a study in sheep (Greer et al. 2009) which
compared the live-weight gain against their predicted live weight gain using a predictive
model. That model considered the efficiency of energy use together with environmental
factors including the herbal quality and availability. In that model, if an animal doesn’t
achieved the weight gain expected, the individual animal was treated (Greer et al.
2009). The approach taken in the cross-grazing study (Chapter 6) required the use of a
suppressive treated group (SP) as a benchmark to predict weight and was only meant for
this study and it will not be feasibility to perform on farmed conditions. For use on
commercial farms it will need to be modified to something similar to that described by

Greer et al. (2009).

The cross-grazing study did indicate that weight was a more sensitive marker of parasite
effects than FEC and FLC and this coincides with what has been found in other studies
with red deer in New Zealand (Hoskin et al. 2000b; Hoskin et al. 2007).

3.6 Control

3.6.4 Anthelmintics

In New Zealand, there are only two action families of anthelmintics registered for deer,
the benzimidazoles and the macrocyclic lactones. Of them, only benzimidazoles
(albendazole, fenbendazole and oxfendazole) are licenced for used as an oral
formulation in deer in New Zealand. In the cross-infection study (Tapia-Escarate et al.
2015b; Chapter 5) the deer were treated effectively with oxfendazole at double the
recommended dose rate for deer (9.06mg/kg; Bomatak C®, Bayer New Zealand Ltd)
together with oral abamectin (0.2 mg/kg; Combat AbaCare LV®, Virbac New Zealand
Ltd) which is not registered for use in deer. In the cross-grazing study, the same
combination was used, but the oxfendazole was used at the recommended dose (4.53
mg/kg; Bomatak C®, Bayer New Zealand Ltd) together with abamectin (0.2mg/kg).
This combination was used principally to obtain high efficacy but have no residual
activity to confuse the results of these studies. It is known that there is resistance to
macrocyclic lactone anthelmintics in the Ostertagia-type nematodes in New Zealand

(Lawrence 2011; Lawrence et al. 2012; Lawrence et al. 2013) including on the Massey
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University Deer Unit (Hoskin et al. 2005) and on the Invermay Research Farm
(Mackintosh et al. 2013). The combination used in the studies for this thesis were
shown to be effective based on regular monitoring of faecal egg counts in many animals
after treatment. Because Combat AbaCare LV is not licenced for deer in New Zealand,
the tracer deer at AgResearch Invermay only received a double dose of oxfendazole (9
mg/kg; Oxfen C, Ancare NZ Ltd) when they entered the study and five weeks prior to
slaughter to allow them to be slaughtered and their meat subsequently sold. In this
location in 2012, three tracer deer, in the deer grazing with cattle group, had very high
burdens of Ostertagia-type nematodes (n> 40.000) and the reason for this high number
is uncertain but may involve anthelmintic resistance to the double dose of oxfendazole
used to treat the tracer deer at this location at that time although it was not observed for

the other tracer sets.

3.6.5 Cross-grazing as an alternative control method

The cross-grazing study (Chapter 6) demonstrated that for young deer after weaning
cross-grazing with an alternative ruminant species offers some advantages over mono-
grazing. Cross-grazing with cattle or sheep in the autumn was effective in reducing the
lungworm burdens in weaner deer. This observation alone should prompt deer farmers

to consider this control option.

For GIN, the results varied between the two options of either cross-grazing with sheep
or cattle. Ostertagia-type nematodes of deer are considered to be the most important
GIN so most focus in on their control. In the cross-grazing experiment, the higher
burdens were found in the tracer deer in the DD group compared with the DS and the
SP groups, indicating a reduction of the burdens of Ostertagia-type nematodes with
alternating grazing with sheep. Even though the difference between the DD and DC
groups was not significant, results showed a tendency toward lower counts in the DC
groups compared to DD groups (p=0.058). Thus cross-grazing with either host is likely
to be beneficial but didn’t totally prevent infection with cross-grazing with sheep more

effective in the present study.

Trichostrongylus spp. burdens were significantly higher in the tracers from DS groups

and interestingly, the deer in the DS group received more anthelmintic treatments but
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still grew less well than either the DC or SP groups. This may suggest that abomasal
Trichostrongylus spp. can be sufficiently important to cause effects on growth rates in

farmed deer.

Taking all the parameters into account the DC group received fewer treatments than
other groups and grew as well as the SP group, indicating that, within the constraints of
this grazing study, cross-grazing with cattle was the most effective way to graze deer to
obtain additional parasite control. Nevertheless, all three groups were still considered

by the criteria used, predominantly weight gain, to need anthelmintic treatment.

The growth rate in the cross-grazing study (Chapter 6) was affected by the number of
nematode larvae on the field and this by the differences in numbers of treatments given
to each group. Nevertheless, even if the deer in the DS group received more
anthelmintic treatments they still grew less well than the DC group that received fewer
anthelmintic treatments. To reduce confounding factors the stocking rate of the
alternative host species was adjusted every four weeks. However, the growth rates may
also be affected by the grazing habits of deer that may be complemented by cattle whilst
being competitive with the sheep (Hoskin 2007) and it was intended to keep pasture
mass high enough to avoid this issue but the occurrence of very dry conditions in both
years at Palmerston North required supplementary feeding which confounded the
pasture availability. Deer and the alternating species (sheep or cattle) were separated by
five paddocks in the rotation to provide the longest period possible between grazing and
animals in all treatments were moved at the same time to the next paddock.
Nevertheless, the need to give supplements did not prevent animals from becoming
parasitised so the results were not compromised in terms of the determining the

usefulness of cross-grazing or not.

3.7 Future perspectives
The studies in this thesis have highlighted a number of areas for future research.

The two pathogenicity studies (Chapter 2 and 3) did not achieve the aim of investigating
subclinical effect of Ostertagia-type nematodes as both studies were confounded by the

inclusion of Oesophagostomum spp. in particular, but also Trichostrongylus species.
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Even a study where just Ostertagia-type nematodes were involved should really study

each species separately.

Another missing piece in this thesis was to clearly establish the pathogenicity of the
newly recorded O. sikae. Larvae of this nematode were obtained from Massey
University-born weaner red deer and adult worms were identified from the deer infected
with this larvae (Chapter 2). However, this nematode did not appear again in the large
intestine of the tracers of the cross-grazing study (Chapter 6) that was run on the same
farm. The results from the initial pathogenicity study suggested it might have been the
cause of the nodule formation observed but there is some evidence that large infections
with O. venulosum may also result in nodule formation. Thus there is a need to clarify
the epidemiology and pathogenicity of this nematode and determining whether nodule
formation may be found or is associated with the magnitude of the larval dose and/or

due to concurrent infections with other Oesophagostomum species.

Future studies should continue to explore further development of diagnostic tools for
monitoring GIN in deer. For example, in the cross-grazing study weight gain was
almost exclusively the trigger for drenching animals and not faecal egg counts. In the
pathogenicity study, pepsinogen values did not provide a useful correlation with the
burden of Ostertagia-type parasites. An overarching meta-analysis on the usefulness of
egg output and worm burden in young and adult deer would be a useful next step. Some
studies have demonstrated that in adult deer egg output doesn’t correlate with worm

burden and thus FECs are not useful whilst in young deer the information is variable.

The development of the PCRs used in Chapter 4 were critical to allow that study to be
conducted and it identified the prevalence of a wide range of species of nematodes in
deer. There were still a number of samples remaining that were not identified possibly
suggesting different species were present. Further work is required to develop and
validate better primers without cross-reaction between nematodes species of deer, cattle
and sheep. If these primers were available there is a potential role for gPCR with faeces

to be used to provide a quantification of GIN within an animal.
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3.8 Conclusion

This thesis supports the evidence that deer nematodes in the sub-family Ostertagiinae
(=Ostertagia-type; Spiculopteragia asymmetrica, Spiculopteragia spiculoptera and
Ostertagia leptospicularis) are the most important GIN in deer. The cross-infection of
nematodes from sheep into deer indicated that some species including T. axei, O.
venulosum and H. contortus have the potential, if permitted by the environmental
conditions, of building up and creating a clinical or a production problem for deer as a
host. In addition, cross-grazing with cattle, in particular, was effective in reducing the
effects of GIN burdens in the young deer, more so than cross-grazing with sheep. Cross-
grazing with either cattle or sheep in the autumn was effective in reducing the
lungworm numbers in weaner deer. Overall, even if cross-grazing with sheep or cattle
did not provide sufficient control to completely avoid use of anthelmintic treatments, it
did reduce the number of treatments required. Given the recent development of
anthelmintic resistance in GIN of deer in New Zealand other control options need to be

developed to reduce this dependence on use of anthelmintics.

137



References

Amarante A, Bagnola J, Amarante M, Barbosa M. Host specificity of sheep and
cattle nematodes in Sao Paulo state, Brazil. Veterinary Parasitology 73, 89-104,
1997

Anderson RC. Nematode parasites of vertebrates: their development and transmission.
2nd Edtn. CABI Publishing, 2000

Andrews J. A host-parasite checklist of helminths of wild ruminants in New Zealand.
New Zealand Veterinary Journal 21, 43-7, 1973

Andrews JRH. A guide to the identification of helminth parasites recorded from wild
ruminants in New-Zealand. Tuatara 17, 67-93, 1969

Arundel JH, Hamilton D. The effect of mixed grazing of sheep and cattle on worm
burdens in lambs. Australian Veterinary Journal 51, 436-9, 1975

Asher GW. Reproductive cycles of deer. Animal Reproduction Science 124, 170-5,
2011

Asher GW, Archer JA, Ward JF, Scott IC, Littlejohn RP. Effect of melatonin
implants on the incidence and timing of puberty in female red deer (Cervus
elaphus). Animal Reproduction Science 123, 202-9, 201 1a

Asher GW, Scott IC, Archer JA, Ward JF, Littlejohn RP. Seasonal luteal cyclicity
of pubertal and adult red deer (Cervus elaphus). Animal Reproduction Science
125, 138-47,2011b

Audigé LIJM, Wilson PR, Morris RS. A survey of internal parasites and parasite
control on North Island deer farms. New Zealand Veterinary Journal 46, 203-15,
1998

Badrie F, Kamenov I. Changes in serum proteins and their fractions in lambs with
experimental Oesophagostomum venulosum infection. Veterinarno-meditsinski
nauki 19, 52, 1982

Bailey JN, Walkden-Brown SW, Kahn LP. Comparison of strategies to provide
lambing paddocks of low gastro-intestinal nematode infectivity in a summer
rainfall region of Australia. Veterinary Parasitology 161, 218-31, 2009

Bairden K, Armour J, Duncan JL. A 4-year study on the effectiveness of alternate
grazing of cattle and sheep in the control of bovine parasitic gastro-enteritis.
Veterinary Parasitology 60, 119-32, 1995

Barger I, Southcott W. Parasitism and production in weaner sheep grazing alternately
with cattle. Animal Production Science 18, 340-6, 1978

Barger 1A, Southcott WH. Control of nematode parasites by grazing management .1.
Decontamination of cattle pastures by grazing with sheep. International Journal
for Parasitology 5, 39-44, 1975

Barth D, Matzke P. Gastro-intestinal nematodes of fallow deer (Dama dama L.) in
Germany. Veterinary Parasitology 16, 173-6, 1984

Berrie DA, East 1J, Bourne AS, Bremner KC. Differential recoveries from faecal
cultures of larvae of some gastro-intestinal nematodes of cattle. Journal of
Helminthology 62, 110-4, 1988

Bisset S, Vlassoff A, Douch P, Jonas W, West C, Green R. Nematode burdens and
immunological responses following natural challenge in Romney lambs
selectively bred for low or high faccal worm egg count. Veterinary Parasitology
61, 249-63, 1996

138



Bisset S, Morris C, McEwan J, Vlassof A. Breeding sheep in New Zealand that are
less reliant on anthelmintics to maintain health and productivity. New Zealand
Veterinary Journal 49, 236-46, 2001

Bisset SA. Species involved in ostertagiasis in calves. New Zealand Veterinary Journal
28, 54-, 1980

Bisset SA, Kleinjan ED, Vlassoff A. Development of Ostertagia leptospicularis in
cattle, and the differentiation of infective larvae and female adults from those of
O. ostertagi. Veterinary Parasitology 16, 23-33, 1984

Bisset SA, Marshall ED. Dynamics of Ostertagia spp. and Cooperia oncophora in
field-grazed cattle from weaning to 2 years old in New Zealand, with particular
reference to arrested development. Veterinary Parasitology 24, 103-16, 1987

Bisset SA, Morris CA, Squire DR, Hickey SM, Wheeler M. Genetics of resilience to
nematode parasites in Romney sheep. New Zealand Journal of Agricultural
Research 37, 521-34, 1994

Bisset SA, Knight JS, Bouchet CLG. A multiplex PCR-based method to identify
strongylid parasite larvae recovered from ovine faecal cultures and/or pasture
samples. Veterinary Parasitology 200, 117-27, 2014

Borgsteede FHM. Experimental cross-infections with gastrointestinal nematodes of
sheep and cattle. Zeitschrift fur Parasitenkunde 65, 1-10, 1981

Bott N, Campbell B, Beveridge I, Chilton N, Rees D, Hunt P, Gasser R. A combined
microscopic-molecular method for the diagnosis of strongylid infections in
sheep. International Journal for Parasitology 39, 1277 - 87, 2009

Bowman DD. Georgis' Parasitology for Veterinarians. 10th Edtn. Elsevier Health
Sciences, 2014

Breeze R. Parasitic bronchitis and pneumonia. Veterinary Clinics of North America-
Food Animal Practice 1, 277-87, 1985

Brunet S, De Montellano CM-O, Torres-Acosta J, Sandoval-Castro C, Aguilar-
Caballero A, Capetillo-Leal C, Hoste H. Effect of the consumption of
Lysiloma latisiliguum on the larval establishment of gastrointestinal nematodes
in goats. Veterinary Parasitology 157, 81-8, 2008

Buel ES, Eckert J, Hacki WH, Hauser B, Lutz H. Pathogenicity of Ostertagia
leptospicularis for cattle and sheep. Zentralblatt Fur Veterinarmedizin Reihe B-
Journal of Veterinary Medicine Series B-Infectious Diseases Immunology Food
Hygiene Veterinary Public Health 31, 189-202, 1984

Burlinski P, Janiszewski P, Kroll A, Gonkowski S. Parasitofauna in the
gastrointestinal tract of the cervids (Cervidae) in northern Poland. Acta
Veterinaria 61, 269-82, 2011

Callaghan MJ, Beh KJ. A middle-repetitive DNA sequence element in the sheep
parasitic nematode, Trichostrongylus colubriformis. Parasitology 109, 345-50,
1994

Callaghan MJ, Beh KJ. A tandemly repetitive DNA sequence is present at diverse
locations in the genome of Ostertagia circumcincta. Gene 174, 273-9, 1996

Cameron TWM, Parnell IW. The internal parasites of land mammals in Scotland.
Proceedings of the Royal Physical Society [Edinburgh] 22, 133-54, 1933

Challies C. Establishment, control, and commercial exploitation of wild deer in New
Zealand. Royal Society of New Zealand Bulletin 22, 23-36, 1985

Chapin EA. New nematodes from North American mammals. Journal of Agricultural
Research 30, 0677-81, 1925

139



Chardonnet P, des Clers B, Fischer J, Gerhold R, Jori F, Lamarque F. The value of
wildlife. Revue Scientifique Et Technique-Office International Des Epizooties
21, 15-51, 2002

Charleston WAG. Lungworm and lice of the red deer (Cervus elaphus) and the fallow
deer (Dama dama) —a review. New Zealand Veterinary Journal 28, 150-2,
1980

Chintoan-Uta C, Morgan ER, Skuce PJ, Coles GC. Wild deer as potential vectors of
anthelmintic-resistant abomasal nematodes between cattle and sheep farms.
Proceedings of the Royal Society B-Biological Sciences 281, 2014

Clark CJ, Tucker AM, Turton JA. Sampling technique for estimating roundworm
burdens of sheep and cattle. Experimental Parasitology 30, 181-6, 1971

Clark RG, Mason PC, Fennessy PF. Nodular lesions in the absence of
Oesophagostomum columbianum. New Zealand Veterinary Journal 26, 33, 1978

Cole VG, Australian Agricultural H, Quarantine S. Animal health in Australia.
Australian Government Publishing Service, Canberra, A.C.T., 1986

Coles G, Bauer C, Borgsteede F, Geerts S, Klei T, Taylor M, Waller P. World
Association for the Advancement of Veterinary Parasitology (W.A.A.V.P.).
Methods for the detection of anthelmintic resistance in nematodes of veterinary
importance. Veterinary Parasitology 44, 35 - 44, 1992

Connan RM. Type-II ostertagiosis in farmed red deer. Veterinary Record 128, 233-5,
1991

Connan RM. Observations on the epidemiology of gastrointestinal nematodes of
farmed red deer in central southern England. Veterinary Record 139, 228-32,
1996

Conti JA, Howerth EW. Ostertagiosis in a white-tailed deer due to Ostertagia
ostertagi. Journal of Wildlife Diseases 23, 159-62, 1987

Coop R, Holmes P. Nutrition and parasite interaction. International Journal for
Parasitology 26, 951-62, 1996

Coop RL, Sykes A, Angus K. The effect of three levels of intake of Ostertagia
circumcincta larvae on growth rate, food intake and body composition of
growing lambs. The Journal of Agricultural Science 98, 247-55, 1982

Coop RL, Kyriazakis I. Nutrition—parasite interaction. Veterinary Parasitology 84,
187-204, 1999

Coop RL, Kyriazakis 1. Influence of host nutrition on the development and
consequences of nematode parasitism in ruminants. Trends in Parasitology 17,
325-30, 2001

Corrigall W. Dictyocaulus viviparus infection in red deer. In: Fennessy PF, Drew KR
(eds). Biology of deer production: proceedings of an international conference
held at Dunedin, New Zealand, 13-18 February, organised under the auspices of
the Royal Society of New Zealand and the New Zealand Society of Animal
Production. Pp 123-6. The Royal Society of New Zealand, 1985

Corwin RM. Economics of gastrointestinal parasitism of cattle. Veterinary
Parasitology 72, 451-7, 1997

Dash KM. Interaction between  Oesophagostomum  columbianum  and
Oesophagostomum venulosum in sheep. International Journal for Parasitology
11,201-7, 1981

Davidson WR, McGhee MB, Nettles VF, Chappell LC. Haemonchosis in white-
tailed deer in the southeastern United-States. Journal of Wildlife Diseases 16,
499-508, 1980

140



Demeler J, Ramunke S, Wolken S, laniello D, Rinaldi L, Gahutu JB, Cringoli G,
von Samson-Himmelstjerna G, Kriicken J. Discrimination of gastrointestinal
nematode eggs from crude fecal egg preparations by inhibitor-resistant
conventional and real-time PCR. PL0oS One 8, 1-13, 2013

Demiaszkiewicz AW, Pyziel A, Lachowicz J. Abomasum and lung nematodes of red
deer in Strzatlowo Forest District (Piska Primeval Forest). Sylwan 153, 57-61,
2009

Dikmans G, Shor DA. Internal parasites of sheep and goats. U S Dept Agric Yearbk
1942, 859-903, 1942

Divina BP, Wilhelmsson E, Mattsson JG, Waller P, Hoglund J. Identification of
Dictyocaulus spp. in ruminants by morphological and molecular analyses.
Parasitology 121, 193-201, 2000

Dobson RJ, Waller PJ, Donald AD. Population dynamics of Trichostrongylus
colubriformis in sheep - the effect of host age on the establishment of infective
larvae. International Journal for Parasitology 20, 353-7, 1990

Donald A, Morley F, Axelsen A, Donnelly J, Waller P. Integration of grazing
management and anthelmintic treatment for the control of nematode infections
in young sheep. Temperate pastures: their production, use and
management/editors, JL Wheeler, CJ Pearson, GE Roberts, 1987

Drozdz J, Demiaszkiewicz AW, Lachowicz J. Exchange of gastrointestinal nematodes
between roe and red deer (Cervidae) and European bison (Bovidae) in the
Bieszczady Mountains (Carpathians, Poland). Acta Parasitologica 47, 314-7,
2002

Dunn AM. Trichostrongylus askivali (Nematoda:Trichostrongylidae). A Full
Description. Journal of Parasitology 51, 57-9, 1965

Dunn AM. Winter deaths in red deer: a preliminary report on abomasal parasite
burdens. Publication of the Veterinary Deer Society 1, 17-25, 1983

Epe C, Bienioschek S, Rehbein S, Schnieder T. Comparative RAPD-PCR Analysis of
Lungworms (Dictyocaulidae) from Fallow Deer, Cattle, Sheep, and Horses.
Journal of Veterinary Medicine, Series B 42, 187-91, 1995

Eysker M. Some aspects of inhibited development of trichostrongylids in ruminants.
Veterinary Parasitology 72, 265-83, 1997

Faedo M, Larsen M, Waller PJ. The potential of nematophagous fungi to control the
free-living stages of nematode parasites of sheep: Comparison between
Australian isolates of Arthrobotrys spp. and Duddingtonia flagrans. Veterinary
Parasitology 72, 149-55, 1997

Faedo M, Barnes EH, Dobson RJ, Waller PJ. The potential of nematophagous fungi
to control the free-living stages of nematode parasites of sheep: Pasture plot
study with Duddingtonia flagrans. Veterinary Parasitology 76, 129-35, 1998

French C, McEwen L, Magruder N, Ingram R, Swift R. Nutrient requirements for
growth and antler development in the white-tailed deer. The Journal of Wildlife
Management, 221-32, 1956

Gaba S, Gruner L, Cabaret J. The establishment rate of a sheep nematode: revisiting
classics using a meta-analysis of 87 experiments. Veterinary Parasitology 140,
302-11, 2006

Gasser RB. Molecular tools—advances, opportunities and prospects. Veterinary
Parasitology 136, 69-89, 2006

Gasser RB, Bott NJ, Chilton NB, Hunt P, Beveridge I. Toward practical, DNA-based
diagnostic methods for parasitic nematodes of livestock - Bionomic and
biotechnological implications. Biotechnology Advances 26, 325-34, 2008

141



Gebauer O. Zur Kenntnis der Parasitenfauna der Gemse. Zeitschrift fur Parasitenkunde
4,147-219, 1932

Gibson TE. Studies on Trichostrongylus axei: 1. The Pathogenesis of T. axei in sheep
maintained on a high plane of nutrition. Journal of Comparative Pathology and
Therapeutics 64, 360-70, 1954a

Gibson TE. Studies on trichostrongylosis: 1. The Pathogenesis of Trichostrongylus axei
in Sheep maintained on a low Plane of Nutrition. Journal of Comparative
Pathology and Therapeutics 64, 127-40, 1954b

Gibson TE. Studies on Trichostrongylus axei: IV Factors in the causation of pathogenic
effects by T. axei. Journal of Comparative Pathology and Therapeutics 65, 317-
24, 1955

Goldberg A. Life history of Oesophagostomum venulosum, a nematode parasite of
sheep and goats. Proceedings of the Helminthological Society of Washington 18,
36-47, 1951

Goldberg A. Effects of the Nematode Oesophagostomum venulosum on Sheep and
Goats. Journal of Parasitology 38, 35-47, 1952

Greer A, Kenyon F, Bartley D, Jackson E, Gordon Y, Donnan A, McBean D,
Jackson F. Development and field evaluation of a decision support model for
anthelmintic treatments as part of a targeted selective treatment (TST) regime in
lambs. Veterinary Parasitology 164, 12-20, 2009

Gupta RP, Gibbs HC. Epidemiological investigations on Dictyocaulus viviparus
(Bloch, 1782) infection in cattle. Canadian Veterinary Journal 11, 149-&, 1970

Haigh JC. Exploitation and domestication of deer - Commentary. Anthrozoos 8, 206-
16, 1995

Helle O. The significance of winter survival of free-living stages on the epidemiology
of nematodiasis: its effect in connection with set-stocking and alternate grazing
with sheep and cattle. In: Epidemiology and control of nematodiasis in cattle. Pp
287-93. Springer, 1981

Henriksen SA. An improved technique for the examination of faeces for larvae of lung
worms Engl. and Ger. summ. Nord Veterinaermed 17, 446-54, 1965

Hervé M, McAnulty RW, Logan CM, Sykes AR. Regional variations in the nematode
worm populations of breeding ewes in New Zealand. New Zealand Veterinary
Journal 51, 159-64, 2003

Heuer C, Verdugo C, Price-Carter M, Collins D, French NP, Wilson PR.
Epidemiological inferences from typing Mycobacterium avium subsp.
paratuberculosis (MAP) isolates from mixed sheep, deear and cattle farms.
Proceedings of the 11th International Colloquium on Paratuberculosis, Sydney,
Australia, 5-10 February 2012, 250, 2012

Hodgson BAS. A study to estimate the efficacy of Eprinomectin pour-on by comparing
the faecal egg count and egg count reduction to the worm count reduction on a
commercial deer farm. In: Proceedings of the Deer Branch of the New Zealand
Veterinary Association. Pp 275-9. The Deer Branch New Zealand Veterinary
Association, 2013

Hoglund J, Engstrom A, von Samson-Himmelstjerna G, Demeler J, Tydén E. Real-
time PCR detection for quantification of infection levels with Ostertagia
ostertagi and Cooperia oncophora in cattle faeces. Veterinary Parasitology 197,
251-7,2013

Holmes P. Pathophysiology of parasitic infections. Parasitology 94, S29-S51, 1987

Hoskin SO, Wilson PR, Barry TN, Charleston WAG, Waghorn GC. Effect of
forage legumes containing condensed tannins on lungworm (Dictyocaulus sp.)

142



and gastrointestinal parasitism in young red deer (Cervus elaphus). Research in
Veterinary Science 68, 223-30, 2000a

Hoskin SO, Wilson PR, Charleston WAG, Barry TN. A model for study of
lungworm (Dictyocaulus sp.) and gastrointestinal nematode infection in young
red deer (Cervus elaphus). Veterinary Parasitology 88, 199-217, 2000b

Hoskin SO, Pomroy WE, Wilson PR, Ondris M, Mason P. The efficacy of oral
ivermectin, pour-on ivermectin and pour-on moxidectin against naturally
acquired infections of lungworm and gastrointestinal parasites in young farmed
deer. In: Proceedings of the Deer Branch of the New Zealand Veterinary
Association. Pp 21-5. The Deer Branch New Zealand Veterinary Association,
2005

Hoskin SO. Multi-species grazing and nutritional ecology in deer/sheep/cattle pastoral
systems: an overview. In: Deer Branch Course. p 21, 2007

Hoskin SO, Johnson M, Swanson J. Internal parasites and productivity in farmed
deer. New Zealand Society of Animal Production, 2007

Hoste H, Jackson F, Athanasiadou S, Thamsborg SM, Hoskin SO. The effects of
tannin-rich plants on parasitic nematodes in ruminants. Trends in Parasitology
22,253-61, 2006

Hoste H, Torres-Acosta J. Non chemical control of helminths in ruminants: adapting
solutions for changing worms in a changing world. Veterinary Parasitology 180,
144 - 54,2011

Inderbitzin F. Experimentell erzeugte Entwicklungs-hemmung von Dictyocaulus
viviparus des Rindes. Veterinar-Medizinischen Fakultat der Universitat Zurich,
1976

Inderbitzin F, Eckert J, Hofmann H. Parasitological effect of alternate grazing of
cattle and sheep. In: Epidemiology and control of nematodiasis in cattle. Pp 249-
60. Springer, 1981

Irvine R, Corbishley H, Pilkington J, Albon S. Low-level parasitic worm burdens
may reduce body condition in free-ranging red deer (Cervus elaphus).
Parasitology 133, 465-75, 2006

Jansen J. Trichostrongylids in the abomasum of deer in the Netherlands.
Rijksuniversiteit te Utrecht 1958

Jarrett WFH, Sharp NCC. Vaccination against Parasitic Disease: Reactions in
Vaccinated and Immune Hosts in Dictyocaulus viviparus Infection. The Journal
of Parasitology 49, 177-89, 1963

Johnson M, Mackintosh CG, Labes RE, Taylor MJ. Dictyocaulus eckerti, lungworm
infecting farmed red deer in New Zealand. New Zealand Veterinary Journal 49,
34-5,2001a

Johnson M, R. L, M. T, G. MC. Lungworm in red deer (Cervus elaphus) in New
Zealand - Dictyocaulus viviparus or D. eckerti? In: Proceedings of the Deer
Branch of the New Zealand Veterinary Association. Pp 153-9. The Deer Branch
New Zealand Veterinary Association, 2001b

Johnson M, Labes RE, Taylor MJ, Mackintosh CG. Efficacy trial of an irradiated
cattle lungworm vaccine in red deer (Cervus elaphus). Veterinary Parasitology
117,131-7,2003a

Johnson M, Mackintosh CG, Labes RE, Taylor MJ, Wharton DA. Dictyocaulus
species: cross infection between cattle and red deer. New Zealand Veterinary
Journal 51, 93-8, 2003b

143



Jordan HE, Phillips WA, Morrison RD, Doyle JJ, McKenzie K. A 3-year study of
continuous mixed grazing of cattle and sheep: Parasitism of offspring.
International Journal for Parasitology 18, 779-84, 1988

Kahiya C, Mukaratirwa S, Thamsborg SM. Effects of Acacia nilotica and Acacia
karoo diets on Haemonchus contortus infection in goats. Veterinary
Parasitology 115, 265-74, 2003

Kahn LP, Knox MR, Gray GD, Lea JM, Walkden-Brown SW. Enhancing immunity
to nematode parasites in single-bearing Merino ewes through nutrition and
genetic selection. Veterinary Parasitology 112, 211-25, 2003

Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. Journal
of the American statistical association 53, 457-81, 1958

Kaplan RM. Drug resistance in nematodes of veterinary importance: A status report.
Trends in Parasitology 20, 477-81, 2004

Kimambo A, MacRae J, Walker A, Watt C, Coop R. Effect of prolonged subclinical
infection with Trichostrongylus colubriformis on the performance and nitrogen
metabolism of growing lambs. Veterinary Parasitology 28, 191-203, 1988

Knight JS, Bouchet CGL, Bisset SA. A multiplex PCR assay for the identification
of gastrointestinal nematodes of sheep In: Proceedings of the 39th annual
meeting of the New Zealand Society for Parasitology October 2011. p 21,
Massey University, Palmerston North, 2011

Koprivnikar J, Randhawa H. Benefits of fidelity: does host specialization impact
nematode parasite life history and fecundity? Parasitology 140, 587-97, 2013

Kutz SJ, Ducrocq J, Verocai GG, Hoar BM, Colwell DD, Beckmen KB, Polley L,
Elkin BT, Hoberg EP. Parasites in ungulates of Arctic North America and
Greenland: A view of contemporary diversity, ecology, and impact in a world
under change. In: Rollinson D, Hay SI (eds). Advances in Parasitology, Vol 79.
Pp 99-252. Elsevier Academic Press Inc, San Diego, 2012

Kuznetsova MV, Danilkin AA, Kholodova MV. Phylogeography of red deer (Cervus
elaphus): Analysis of MtDNA cytochrome b polymorphism. Biology Bulletin
39, 323-30, 2012

Laabs EM, Schnieder T, Strube C. Transcriptional differences between hypobiotic
and non-hypobiotic preadult larvae of the bovine lungworm Dictyocaulus
viviparus. Parasitology Research 110, 151-9, 2012

Lanusse CE, Prichard RK. Relationship between pharmacological properties and
clinical efficacy of ruminant anthelmintics. Veterinary Parasitology 49, 123-58,
1993

Larsen M, Faedo M, Waller PJ, Hennessy DR. The potential of nematophagous fungi
to control the free-living stages of nematode parasites of sheep: Studies with
Duddingtonia flagrans. Veterinary Parasitology 76, 121-8, 1998

Lawrence D. Cervine anthelmintics: The bubble has burst. In: Proceedings of the Deer
Branch of the New Zealand Veterinary Association. Pp 87-91. The Deer Branch
New Zealand Veterinary Association, 2011

Lawrence D. Cervine triple combination anthelmintic residue study — moxidectin,
oxfendazole and levamisole. In: Proceedings of the Deer Branch of the New
Zealand Veterinary Association. Pp 181-8. The Deer Branch New Zealand
Veterinary Association, 2015

Lawrence DW, MacGibbon JT, Mason PC. Moxidectin pharmacokinetics and
resistance in deer. In: Proceedings of the Deer Branch of the New Zealand
Veterinary Association. Pp 41-5. The Deer Branch New Zealand Veterinary
Association, 2012

144



Lawrence DW, MacGibbon JT, Mason PC. Efficacy of Levamisole, Moxidectin oral,
Moxidectin injectable and Monepantel against Ostertagia-type nematodes in
deer. In: Proceedings of the Deer Branch of the New Zealand Veterinary
Association. Pp 235-40. The Deer Branch New Zealand Veterinary Association,
2013

Lee DL. The biology of nematodes / edited by Donald L. Lee. London ; New York :
Taylor & Francis, 2002, 2002

Lettini SE, Sukhdeo MVK. Anhydrobiosis increases survival of trichostrongyle
nematodes. Journal of Parasitology 92, 1002-9, 2006

Ludt CJ, Schroeder W, Rottmann O, Kuehn R. Mitochondrial DNA phylogeography
of red deer (Cervus elaphus). Molecular Phylogenetics and Evolution 31, 1064-
83,2004

Mackintosh C, Tolentino B. Parasite diagnosis. In: Proceedings of the Deer Branch of
the New Zealand Veterinary Association. Pp 111-3. The Deer Branch New
Zealand Veterinary Association, 2009

Mackintosh C, Cowie C, Johnstone P, Fraser K, Mason P. Anthelmintic resistance
to macrocyclic lactones after 30 years use on an Otago deer farm. In:
Proceedings of the Deer Branch of the New Zealand Veterinary Association. Pp
227-31. The Deer Branch New Zealand Veterinary Association, 2013

Mackintosh C, Johnstone P, Shaw R. Observations on the phenotypic relationships
between anti-CarLA salivary IgA antibody response, nematode infection levels
and growth rates in farmed red (Cervus elaphus) and wapiti hybrid deer (Cervus
elaphus canadensis). Veterinary Parasitology 203, 160-6, 2014a

Mackintosh CG, Masonf PC, Manley T, Baker K, Littlejohn R. Efficacy and
pharmacokinetics of febantel and ivermectin in red deer (Cervus elaphus). New
Zealand Veterinary Journal 33, 127-31, 1985

Mackintosh CG, Qureshi T, Waldrup K, Labes RE, Taylor M, Murphy A,
Johnstone P. Persistence of moxidectin activity against nematodes in red deer.
In: Proceedings of the Deer Branch of the New Zealand Veterinary Association.
Pp 149-54. The Deer Branch New Zealand Veterinary Association, 1997

Mackintosh CG, Cowie C, Fraser K, Johnstone P, Mason PC. Reduced efficacy of
moxidectin and abamectin in young red deer (Cervus elaphus) after 20 years of
moxidectin pour-on use on a New Zealand deer farm. Veterinary Parasitology
199, 81-92, 2014b

MAFF. Manual of veterinary parasitological laboratory techniques. Agricultural
Development and Advisory Service, Ministry of Agriculture, Fisheries and
Food, 1977

Mahieu M, Aumont G. Effects of sheep and cattle alternate grazing on sheep
parasitism and production. Tropical Animal Health and Production 41, 229-39,
2009

Mahieu M. Effects of stocking rates on gastrointestinal nematode infection levels in a
goat/cattle rotational stocking system. Veterinary Parasitology 198, 136-44,
2013

Manfredi MT, Di Cerbo AR, Tranquillo V, Nassuato C, Pedrotti L, Piccolo G.
Abomasal nematodes of the red deer Cervus elaphus in north-eastern Italy.
Journal of Helminthology 81, 247-53, 2007

Marley CL, Fraser MD, Davies DA, Rees M, Vale JE, Forbes A. The effect of mixed
or sequential grazing of cattle and sheep on the faecal egg counts and growth
rates of weaned lambs when treated with anthelmintics. Veterinary Parasitology
142, 134-41, 2006

145



Mason PC. Gastrointestinal parasitism in red deer. New Zealand Agricultural Science
11, 182-3, 1977

Mason PC. Project Report AH 274 - Pilot trial of anthelmintic activity against the
lungworm Dictyocaulus viviparus in red deer. Ministry of Agriculture and
Forestry, 1982

Mason PC. Biology and control of the lungworm Dictyocaulus viviparus in farmed red
deer in New Zealand. In: Fennessy PF, Drew KR (eds). Biology of deer
production: proceedings of an international conference held at Dunedin, New
Zealand, 13-18 February, organised under the auspices of the Royal Society of
New Zealand and the New Zealand Society of Animal Production. Pp 119-21.
The Royal Society of New Zealand, 1985a

Mason PC. Biology and control of the lungworm Dictyocaulus viviparus in farmed red
deer in New Zealand. 1985b

Mason PC. Parasites of deer in New Zealand. New Zealand Journal of Zoology 21, 39-
47,1994

Mason PC. Elaphostrongylus cervi and its close relatives; a review of protostrongylids
(Nematoda, Metastrongyloidea) with spiny-tailed larvae. Surveillance 22, 19-24,
1995

McKenna PB. Checklist of helminth parasites of terrestrial mammals in New Zealand.
New Zealand Journal of Zoology 24, 277-90, 1997

McKenna PB. Some new host-parasite records. Surveillance 26, 5-6, 1999

McKenna PB. An updated checklist of helminth and protozoan parasites of terrestrial
mammals in New Zealand. New Zealand Journal of Zoology 36, 89-113, 2009a

McKenna PB. An updated checklist of helminth and protozoan parasites of terrestrial
mammals in New Zealand. New Zealand Journal of Zoology 36, 89-113, 2009b

McKenna PB. Register of new host - parasite records. Ministry for Primary Industries,
2009¢

Minho AP, Bueno ICdS, Louvandini H, Jackson F, Gennari SM, Abdalla AL.
Effect of Acacia molissima tannin extract on the control of gastrointestinal
parasites in sheep. Animal Feed Science and Technology 147, 172-81, 2008

Molan AL, Duncan AJ, Barry TN, McNabb WC. Effects of condensed tannins and
crude sesquiterpene lactones extracted from chicory on the motility of larvae of
deer lungworm and gastrointestinal nematodes. Parasitology International 52,
209-18, 2003

Moore GH, Cowie GM, Bray AR. Herd management of farmed red deer. In: Biology
of deer production: proceedings of an international conference held at Dunedin,
New Zealand, 13-18 February, organised under the auspices of the Royal
Society of New Zealand and the New Zealand Society of Animal Production. Pp
343-55. The Royal Society of New Zealand, 1985

Moss R, Burton R, Scales G, Saville D. Effect of cattle grazing strategies and pasture
species on internal parasites of sheep. New Zealand Journal of Agricultural
Research 41, 533-44, 1998

Mullis K, Faloona F, Scharf S, Saiki R, Horn G, Erlich H. Specific enzymatic
amplification of DNA in vitro: the polymerase chain reaction. Cold Spring
Harbor Symposia on Quantitative Biology 51, 263-73, 1986

Mupeyo B, Barry T, Pomroy W, Ramirez-Restrepo C, Lopez-Villalobos N,
Pernthaner A. Effects of feeding willow (Salix spp.) upon death of established
parasites and parasite fecundity. Animal Feed Science and Technology 164, 8-
20, 2011

146



Murray M, Jennings F, Armour J. Bovine ostertagiasis: structure, function and mode
of differentiation of the bovine gastric mucosa and kinetics of the worm loss.
Research in Veterinary Science 11, 417-27, 1970

Naumann H, Muir J, Lambert B, Tedeschi L, Kothmann M. Condensed tannins in
the ruminant environment: a perspective on biological activity. Journal of
Agricultural Sciences 1, 8-20, 2013

Noble ER. Parasitology: the biology of animal parasites. Lea & Febiger, 1989

Oakley G. The recovery of Dictyocaulus viviparus from bovine lungs by lung
perfusion: a modification of Inderbitzin's method. Research in Veterinary
Science 29, 395-6, 1980

Panuska C. Lungworms of Ruminants. Veterinary Clinics of North America: Food
Animal Practice 22, 583-93, 2006

Pato FJ. Estudio epidemiologico de la infecciones que afectan al aparato respiratorio y
gastrointestinal de los corzos en Galicia. Doctoral thesis, Universidad de
Santiago de Compostela, Facultad de Veterinaria de Lugo, Santiago de
Compostela, Galicia, Espafa. thesis, 2012

Pato FJ, Vazquez L, Diez-Bafios N, Lépez C, Sanchez-Andrade R, Fernandez G,
Diez-Bafios P, Panadero R, Diaz P, Morrondo P. Gastrointestinal nematode
infections in roe deer (Capreolus capreolus) from the NW of the Iberian
Peninsula: Assessment of some risk factors. Veterinary Parasitology 196, 136-
42,2013

Patrelle C, Ferté H, Jouet D. Identification of Chabertiidac (Nematoda, Strongylida)
by PCR-RFLP based method: A new diagnostic tool for cross transmission
investigation between domestic and wild ruminants in France. Infection,
Genetics and Evolution 28, 15-20, 2014

Pomroy B. Internal parasites of cattle in New Zealand. In: Workshop Al (ed).
Sustainable control of internal parasites in ruminants : Animal Industries
Workshop, June 1997 / edited by G.K. Barrell (Animal & Veterinary Sciences
Group, Lincoln University). 1997

Popova TI. Strongyloids of animals and man (Trichonematidae) / T.I. Popova ;
translated from the Russian. Jerusalem : Program for Scientific Translations,
1965, 1965

Porter DA, Ciordia H, Bizzell WE. Use of vermiculite as a culture medium for larvae
of nematode parasites of ruminants. Journal of Parasitology 51, 47-&, 1965

Prestwood AK, Kellogg FE. Naturally occurring haemonchosis in a white-tailed deer.
Journal of Wildlife Diseases 7, 133-4, 1971

Prichard RK. Anthelmintic resistance in nematodes: Extent, recent understanding and
future directions for control and research. International Journal for Parasitology
20, 515-23, 1990

Pritchard MH, Kruse G, OW. The collection and preservation of animal parasites.
1st Edtn. University of Nebraska Press 1982

Pursglov S, Doster GL, Prestwoo.Ak. Trichostrongylus askivali Dunn, 1964, and
Ostertagia ostertagi (Stiles, 1892) in white-tailed deer (Odocoileus virginianus)
of the southeastern United States. Journal of Parasitology 60, 1059-60, 1974

Railliet A, Henry A. Sur les variations des strongyles de 1’appareil respiratoire des
mammiféres. Comptes Rendus des Seances de la Societe de Biologie et de Ses
Filiales 63, 751-3, 1907

Rehbein PDS, Visser M, Jekel I, Silaghi PDC. Endoparasites of the fallow deer
(Dama dama) of the Antheringer Au in Salzburg, Austria. Wiener Klinische
Wochenschrift 126, 37-41, 2014

147



Reinecke RK. Veterinary Helminthology. Butterworth-Heinemann (June 1983),
Pretoria, 1983

Roberts F, O'Sullivan P. Methods for egg counts and larval cultures for strongyles
infesting the gastro-intestinal tract of cattle. Australian Journal of Agricultural
Research 1, 99-102, 1950

Rocha RA, Bresciani KDS, Barros TFM, Fernandes LH, Silva MB, Amarante
AFT. Sheep and cattle grazing alternately: Nematode parasitism and pasture
decontamination. Small Ruminant Research 75, 135-43, 2008

Roeber F, Jex A, Campbell A, Nielsen R, Anderson G, Stanley K, Gasser R.
Establishment of a robotic, high-throughput platform for the specific diagnosis
of gastrointestinal nematode infections in sheep. International Journal for
Parasitology 42, 1151 - 8, 2012a

Roeber F, Larsen J, Anderson N, Campbell A, Anderson G, Gasser R, Jex A. A
molecular diagnostic tool to replace larval culture in conventional faecal egg
count reduction testing in sheep. PL0S One 7, e37327, 2012b

Roeber F, Jex AR, Gasser RB. Comparative evaluation of two DNA isolation
techniques for PCR-based diagnosis of gastrointestinal nematode infections in
sheep. Molecular and Cellular Probes 27, 153-7, 2013a

Roeber F, Jex AR, Gasser RB. Advances in the diagnosis of key gastrointestinal
nematode infections of livestock, with an emphasis on small ruminants.
Biotechnology Advances 31, 1135-52, 2013b

Roos MH, Grant WN. Species-specific PCR for the parasitic nematodes Haemonchus
contortus and Trichostrongylus colubriformis. International Journal for
Parasitology 23, 419-21, 1993

Rose JH. The Bionomics of the Free-Living Larvae of Dictyocaulus viviparus. Journal
of Comparative Pathology and Therapeutics 66, 228-40, 1956

Ross J, Purcell D. The effect on infectivity and pathogenicity of cross infection of
Trichostrongylus axei from sheep to cattle. Veterinary Record 84, 49-, 1969

Saiki R, Gelfand D, Stoffel S, Scharf S, Higuchi R, Horn G, Mullis K, Erlich H.
Primer-directed enzymatic amplification of DNA with a thermostable DNA
polymerase. Science 239, 487-91, 1988

Santin-Duran M, Alunda JM, Hoberg EP, de la Fuente C. Abomasal parasites in
wild sympatric cervids, red deer, Cervus elaphus and fallow deer, Dama dama,
from three localities across Central and Western Spain: Relationship to host
density and park management. Journal of Parasitology 90, 1378-86, 2004

Sauermann CW. Some aspects of the population dynamics of Cooperia oncophora: a
thesis presented in partial fulfilment of the requirements for the degree of Doctor
of Philosophy in Veterinary Science at Massey University, Palmerston North,
New Zealand. The author, 2014

Scott I, Stear M, McKellar Q. Comparison of four methods for the determination of
plasma pepsinogen concentration. Research in Veterinary Science 59, 234-7,
1995

Shadbolt NM, McDermott A, Williams C, Payne T, Walters D, Xu Y. The key
elements of success and failure in the NZ venison industry. Research Report -
Agribusiness & Economics Research Unit, Lincoln University, vi + 49 pp., 2008

Shaik S, Terrill T, Miller J, Kouakou B, Kannan G, Kaplan R, Burke J, Mosjidis
J. Sericea lespedeza hay as a natural deworming agent against gastrointestinal
nematode infection in goats. Veterinary Parasitology 139, 150-7, 2006

148



Sibbald AM, Milne JA. Physical characteristics of the alimentary tract in relation to
seasonal-changes in voluntary food intake by the red deer (Cervus elaphus).
Journal of Agricultural Science 120, 99-102, 1993

Simcock D, Joblin K, Scott I, Burgess D, Rogers C, Pomroy W, Simpson H.
Hypergastrinaemia, abomasal bacterial population densities and pH in sheep
infected with Ostertagia circumcincta. International Journal for Parasitology
29, 1053-63, 1999

Simpson AM, Suttie JM, Kay RNB. The influence of artificial photoperiod on the
growth, appetite and reproductive status of male red deer and sheep. Animal
Reproduction Science 6, 291-9, 1984

Skryabin KI. Essentials of nematology, edited by K.I. Skryabin. Vol.3
Trichostrongylids of animals and man. Jerusalem: Israel Program for Scientific
Translations [for the National Science Foundation, Washington, D. C., and the
Department of Agriculture, U.S.A., 1954

Skryabin KI, Shikhobalova NP, Shul'ts RS. Essentials of nematology, edited by K.I.
Skryabin. Vol. IV. Dictyocaulidae, Heligmosomatidae, and Ollulanidae of
animals. Jerusalem: Israel Program for Scientific Translations [for the National
Science Foundation, Washington, D. C., and the Department of Agriculture,
U.S.A., 1954

Sommerville RI, Davey KG. Diapause in parasitic nematodes: A review. Canadian
Journal of Zoology 80, 1817-40, 2002

Sormunen-Cristian R, Manninen M, Oksanen A. Mixed grazing by suckler cows,
calves and lambs in a cultivated pasture. Livestock Science 145, 258-65, 2012

Southcott WH, Barger 1A. Control of nematode parasites by grazing management. 2.
Decontamination of sheep and cattle pastures by varying periods of grazing with
alternate host. International Journal for Parasitology 5, 45-8, 1975

Stafford KJ, Reid CSW, Barry TN, Suttie JM. Rumino-reticular motility in red deer
(Cervus elaphus) fed chaffed lucerne hay during winter and summer. New
Zealand Journal of Agricultural Research 36, 465-73, 1993

Stafford KJ, West DM, Pomroy WE. Nematode worm egg output by ewes. New
Zealand Veterinary Journal 42, 30-2, 1994

StatisticsNewZealand. Agricultural Production Statistics - Statistics New Zealand.
http://www.stats.govt.nz/searchresults.aspx?q=livestock%20by%?20island
(accessed October 18, 2015). 2013

Stear M, Bairden K, Duncan J, Holmes P, McKellar Q, Park M, Strain S, Murray
M, Bishop S, Gettinby G. How hosts control worms. Nature 389, 27-, 1997

Stevens D.  AgResearch-Pre-winter-Growth.pdf.  http://deerfarming.co.nz/wp-
content/uploads/2012/02/Fact-Sheet-3-Pre-winter-Growth.pdf.
http://deerfarming.co.nz/wp-content/uploads/2012/02/Fact-Sheet-3-Pre-winter-
Growth.pdf (accessed 14 December, 2015). 2014

Strube C, Schnieder T, von Samson-Himmelstjerna G. Differential gene expression
in hypobiosis-induced and non-induced third-stage larvae of the bovine
lungworm Dictyocaulus viviparus. International Journal for Parasitology 37,
221-31, 2007

Sutherland I, Scott I. Gastrointestinal nematodes of sheep and cattle: biology and
control. John Wiley & Sons, 2009

Swanson J, Hoskin SO, Wilson PR, Pomroy WE. Shared parasites of deer , sheep and
cattle. In: Proceedings of the Deer Branch of the New Zealand Veterinary
Association. Pp 26-8. The Deer Branch New Zealand Veterinary Association,
2007

149



Sykes AR. Parasitism and production in farm animals. Animal Science 59, 155-72, 1994

Tapia-Escarate D, Pomroy W, Scott I, Mackintosh C, Wilson P, Bisset S, Lopez-
Villalobos N. Gastrointestinal nematodes in deer - summary of a PhD
programme. In: Proceedings of the Deer Branch of the New Zealand Veterinary
Association. Pp 85-90. The Deer Branch New Zealand Veterinary Association,
2015a

Tapia-Escarate D, Pomroy W, Scott I, Wilson P, Lopez-Villalobos N. Establishment
rate of sheep gastrointestinal nematodes in farmed red deer (Cervus elaphus).
Veterinary Parasitology 209, 138-41, 2015b

Taylor A, Coop RL, Wall RL. Veterinary Parasitology. 3rd Edtn. Wiley, 2007

Terrill T, Dykes G, Shaik S, Miller J, Kouakou B, Kannan G, Burke J, Mosjidis J.
Efficacy of Sericea lespedeza hay as a natural dewormer in goats: dose titration
study. Veterinary Parasitology 163, 52-6, 2009

Thienpont D, Rochette F, Vanparijs O. Diagnosing helminthiasis through
coprological examination. Diagnosing helminthiasis through coprological
examination., 1979

Threlkeld WL. The life history and pathogenicity of Chabertia ovina. Technical
Bulletin.  Virginia  Agricultural ~ Experiment  Station. <Go to
ISI>://CABI:19480800731, 1948

Todd KS, Jr., Levine ND, Boatman PA. Effect of desiccation on the survival of
infective Haemonchus contortus larvae under laboratory conditions. The Journal
of Parasitology 62, 247-9, 1976

Umur S, Gurler A, Beyhan Y, Bolukba C, Acici M. Two new nematode species for
Turkey helmint fauna in roe deer (Capreolus capreolus), Spiculopteragia
spiculoptera (Guschanskia, 1931) and minor morph S. (Rinadia) mathevossiani
(Ruchliadev, 1948). Kafkas Univ Vet Fak Derg 17, 649 - 54, 2011

Vadlejch J, Petrtyl M, Zaichenko I, Cadkova Z, Jankovska I, Langrova I, Moravec
M. Which McMaster egg counting technique is the most reliable? Parasitology
Research 109, 1387-94, 2011

van der Heide H. Evaluation of serum pepsinogen as a diagnostic marker for
parasitism in farmed red deer. Utrecht University, Utrecht, 2009

Verdugo C, Jones G, Johnson W, Wilson P, Heuer C. Bayesian latent class
prevalence estimation of herd level infection with Mycobacterium avium subsp.
paratuberculosis. In: Proceedings of the 11th International Colloquium on
Paratuberculosis, Sydney, Australia, 5-10 February 2012. p 336. International
Association for Paratuberculosis 2012

Voehringer D. Regulation and function of basophil, eosinophil, and mast cell
responses. In: Gause WC, Artis D (eds). The Th2 Type Immune Response in
Health and Disease. Pp 1-12. Springer New York, 2016

Wagner J, Mackintosh CG. Ivermectin and copper response trial in mixed age red
deer hinds. The Deer Branch New Zealand Veterinary Association, 1993a

Wagner JC, Mackintosh CG. Ivermectin and copper response trial in mixed age red
deer hinds. In: Proceedings of the Deer Branch of the New Zealand Veterinary
Association. Vol 10. Pp 134-42. The Deer Branch New Zealand Veterinary
Association, 1993b

Waldrup K, Mackintosh CG. The use of Paratect Flex in wapiti. In: Proceedings of
the Deer Branch of the New Zealand Veterinary Association. Vol 10. Pp 151-4.
The Deer Branch New Zealand Veterinary Association, 1993

Waldrup K, Mackintosh CG, Johnstone PD, Labes RE. The effects of parasitism on
weaner deer - parallel studies with red deer hinds and wapiti hybrid hinds. In:

150



Proceedings of the Deer Branch of the New Zealand Veterinary Association. Vol
11. Pp 193-202. The Deer Branch New Zealand Veterinary Association, 1994

Waller PJ. Anthelmintic resistance. Veterinary Parasitology 72, 391-412, 1997

Waller PJ, Knox MR, Faedo M. The potential of nematophagous fungi to control the
free-living stages of nematode parasites of sheep: feeding and block studies with
Duddingtonia flagrans. Veterinary Parasitology 102, 321-30, 2001

Ward MP, Lyndal-Murphy M, Baldock FC. Evaluation of a composite method for
counting helminth eggs in cattle facces. Veterinary Parasitology 73, 181-7, 1997

Ware F. On a Nematode of the Genus Ostertagia. Journal of Comparative Pathology
and Therapeutics 38, 38-41, 1925

Watson TG, Charleston WAG. The significance of parasites in farmed deer. In:
Fennessy PF, K.R. D (eds). Royal Society of New Zealand Bulletin. Pp 105-17,
Dunedin, 1985a

Watson TG, Charleston WAG. The significance of parasites in farmed deer. In:
Fennessy PF, Drew KR (eds). Biology of deer production: proceedings of an
international conference held at Dunedin, New Zealand, 13-18 February,
organised under the auspices of the Royal Society of New Zealand and the New
Zealand Society of Animal Production. Pp 105-17. The Royal Society of New
Zealand, 1985b

Watson TG, Charleston WAG. The significance of parasites in farmed deer. In: Royal
Society of New Zealand Bulletin. Dunedin. Fennessy PF, K.R. D (eds)". Pp 105-
17.1985¢

Watson TG, Manley TR. Pharmacokinetics of oxfendazole in red deer (Cervus
elaphus). Research in Veterinary Science 38, 231-3, 1985

Wertejuk M. Influence of environmental conditions on the invasive larvae of gastro-
intestinal nematodes of sheep English summ. Acta Parasitol Polonica 7, 315-42,
1959

Williams JC, Knox JW, Marbury KS, Kimball MD, Baumann BA, Snider TG. The
epidemiology of Ostertagia ostertagi and other gastrointestinal nematodes of
cattle in Louisiana. Parasitology 95, 135-53, 1987

Wilson PR. Advances in health and welfare of farmed deer in New Zealand. New
Zealand Veterinary Journal 50, 105-9, 2002

Wood IB, Amaral NK, Bairden K, Duncan JL, Kassai T, Malone JB, Pankavich
JA, Reinecke RK, Slocombe O, Taylor SM, Vercruysse J. World association
for the advancement of veterinary parasitology (WAAVP) 2nd edition of
guidelines for evaluating the efficacy of anthelmintics in ruminants (bovine,
ovine, caprine). Veterinary Parasitology 58, 181-213, 1995

Woodbury MR, Parry NMA. Abomasal parasite syndrome in North American elk
(Cervus elaphus canadensis). New Zealand Veterinary Journal 57, 235-40, 2009

Woodward S, Lambert M, Litherland A, Boom C. Can a mathematical model
accurately predict intake of grazing animals? Testing the Q-Graze model. In:
Proceedings of the New Zealand Society of Animal Production. Pp 4-7. New
Zealand Society of Animal Production, 2001

Woolaston RR. Selection of Merino sheep for increased and decreased resistance to
Haemonchus contortus: peri-parturient effects on faecal egg counts.
International Journal for Parasitology 22, 947-53, 1992

Yamaguti S. Studies on the helminth fauna of Japan. Part 13. Mammalian nematodes.
Japanese Journal of Zoology 6, 433-57 pp., 1935

151



Zajac AM. Gastrointestinal nematodes of small ruminants: life cycle, anthelmintics,
and diagnosis. Veterinary Clinics of North America: Food Animal Practice 22,
529-41, 2006

Zheng X, Ge M, Wang B, Zheng XT, Ge MY, Wang BL. Strategies for the
sustainable development of deer farming industry in China. Journal of Economic
Animal 6, 46-8, 2002

152



Joquinu mof
A12A Je) 1he (S) %
(1) ur 95 ur yead jnq Surzeid oye W 71-01 “01-8 '8-9
(SN 1B ({=U) I30.1} JO S}OS JANNIISUOD
> (9) esoydodouo ' ©) () € Aq pue D 10§ potiad yoes jo
m > [ <9 “Funoud . . puo Je pa[IY 1993s T - N T pue
“dds 11e 3o ‘(p) “(§) (] 19xe - 010J0q SOATED W 8y = SI9ovIL (2) dnoi3 uo soareo ‘g9 ‘7 10§ @ 180 Aq pazeidal
Bl | Y e e L . AR " suIpeak, ppuz (9) (v) (1) dnos3|  gz61 mooymog | 01 8 9 €20 AN AP
Jo raqunu isay3y | (1) > [(9)] HIPSN D34 ou SoK | 109)S pUB SOMI«— 1 Uyl ‘N ¥ X APJeom g pasop | |
DN - : s[ewue UI SOATBO 193)S G |pue JoSiegq /erjensny
oy (1) uremsed uy (1) “(¢) ()] 10 O Apysruoy |, B — a[nea(9) N 1 10§ payeds(s) N
"1SO 'O UO I9M 109JJ9 (9) dnoiS« d 9 103 doays £q({) N ¢ 103 doays
juouedn Jofew oyJ Spyeo/dseys Kq(g) I ¢ 1oy doays Aq pazeid(g)
‘uostredwod [eonsne)s ,Jonuod,, 9[1ed pasopun(T)
ou ‘SJUQIIOD «— SI0J197] Aq pozeIidaid
oAneyenb Auo
DM I0JRI] puUB 109)S
19 suspang wJo, -0 | -ssou jusunean slewiue Jo af dnoub Jad sfewiiue AeaAIofINY Sjuswiyeal
o paNnq M Mo 2 2 anuUIWBLIUY [BLUILE 40 S0V s{oopped | J0 JaquinN/saloads /Auno) lsuneall

“ele|NYeds eliadoo) =ermeds ) ‘eyelound
el1adoo) =pound *H ‘eioydoduo eliedoo) =ouo D) ‘sniipolewsN =IewaN ‘SIwi0j11gn|od snjABuodisoydll] =09 “1, ‘1ede|d snyouowseH =1oded
"H ‘SN1I0JU0I SNYJUOWSRH =1U0d "H BIoUIdWNIAID eIBesIsO =110 "( ‘16e18]s0 eIfelislsQ =1S0 " ‘Ured JYSIOMIAI] =DM WS1OM AT =T
Qre309y Jod s[ewIuy =By /wiue ‘IA0[D) YA =OYA\ ‘SSBISIAY =AY 190100 =100 ‘AInf = ‘Areniqdq =qo ‘Arenuef =uef ‘JOquddJ =99
‘SOOUAIIL( =IP WedIUSIS =S “QUBIJIUSIS JON =SN DIeUI)[Y =IAVY Id =¥ “SYIM =M ‘YIUOIN =] ‘SIBOA =SIA ‘OBAIR] JAOJU] =€
‘SIUNOD WIOA, =DM\ “SIUN0D 333 [e2oe] =D ‘SuIze13-00 AIoM APms Ay} Ul S[eWIUR A} =-0)) ‘FUIZBIZ-SSOIO IdM APMIS [} UL S[EWIUR JY [, =SSOI))

syueUIWNA YlM BulzeaB-09 pue -ssoJ9 Jo uoirealjgnd 21J11Uslds JO UoISINGY T'T

'MBIABJ aanjedsll] ‘T 491dey) J40) uonewaojul Arejuswsajddng T X1puaddy

sadIpuaddy

153



‘JuawRAI)
Suzei3d yoed jo suoneordar omJ,

(L)) sn3ne e
ur JuesaId A[uo ouo D €z 9sngne ¢ X (oS % souesy) sygdnes
(@] “Anl9 ‘squier— doous on .
X S OM] UOPING WIOM I0J
<[(L9)(S)(P)] 1oxe T, KB Qe A4 0 o0 d
. . N %0 £510015+24( £ dodYS( )
(W) SQUETIOORI[«— | =SqUE[ SIoo.l], SLOT /uojireH pue
< ©@0) om o SN=OMI sof | ou Sny N L, =S1891S I a1eo/daays [opUIY /er[EnsnY 9605 510015+%,05doays(9)
; : 0 0001do9ys
Suizei3 JJe] IJUIM-PUD | JAS[=SOMO JBal] 760951215-+9507d23us(G)
o8 . ¢ i %0L510915+%0£doays(y7)
13uls sA SuIzei30)«— KB\ Surquie] Y66 we-dooys(g)
'synsar SN Sojel 00(J 1els je We6'6 . quuie[-Cooysie
SUD[POIS  JUAISYI ‘100)S pUE SoMm (ey/wiuey’/) quue]-daays(g)
PO R 1S Uk SO (eyuue ) quiel-doays(T)
«— daays £q pazeadaad Ky3is
1091
0} (4) SoA[BO QWOS SQA[RD
zn @ > an 10081 € 9[Ned Aq pazeidaid ji
(S) WO0'H IoAMOY Suroue 210J0q squie|
(1D(6) :dnoi3 juounyear], 10081 ()] :doays Aq pozeiaid jp
150" ‘Surueom jsod : Suizeid3  sioel
> (znon :w bam.atohﬁb (N T X) $9AT80 € W 1 X I .%gw
ouo* SOAEO 100 W pue dooys ([=s1a0e1 1031y pue M omes M
> @O > 0D u0d ooy | ou | sek | M L | ¢ cog e —s1o081] z ‘S0 G / 830038 SL6I fRBrRg pUE  IMPT(ZT) o MPI(TT)
SaA[eD«— parombar (pun | | . - nooyInog serensny |doays IMZ1(0T) Qpes
‘9) > (g) ewON ‘Apjoom uay) pue N ST=SIuoUnERLL £=Juounean sod IMZI(E) dosys mo9(g) omeo
©OP)) Sugurom [ simeo/daaus Moy omed Aq pazeibaig
> (S)E)ND1od'L A[ySruoy yean “deoys AMyZ(9) “anes
©)(p) > ($)(€) 2m10°0 dooys s10081] — AMpg(G) “dedys dmzi(y) med
@ > () AMTI(E) doays ymo(z) omed
Juod "H : squeT] « ymo(T)«— daays Aq pazeabaid
13 suspANq Wo, -0D | -Ss04 usuyean sjewiue Jo ab dnoub Jad S[ewiue AesAMIouINY SjuswiIeal
Wo PANG ULIOM 134 O M | onuipayuy | SPMIMEIOSEY T ga0ppeg | o ssquinnyseroeds /Anunoo pethEeL

154



“JedK 9} 10A0

JIOAO SYOUIP

om1 D/S(8) youasp Aqnfyqay/oop

SANJASuonsoyILL], . 2/S(2) YOudIp q9J/99p
(H)(8) =(s) uwnne K110 ( m%wumw ( MVM%MMM . oL £l amsed wo 2/8(9) youasp 99p O/s(G) Apreom
ur dooyg 29 JOWWNS UO JU0D "H b m. - Unmm ou ok ur nq ‘sdnois 9[ed 3unok P m.@.va puadop axe) pue nd LS61 /e om) S/S(y) youarp Anlyqaj/oap
'SIS<D/S eifepaIsQ 10§ / %\o s uo puodap dooyg | P° dooys souam | e ing [ =OMED "BU/ET =d3aus | 13 preuoq/eensny |S/S(€)  UOUAIP  Gay/oop  S/S(2)
1yS1om 9999 S/S > S DM dedy . £ Hnq a|1eo/daays oudIp 3p S/S(T) d[1ed/
S ot 1d ‘ur jou pasopun a[pe) — - Rreo/dsey
D/S dooys ur suoping ura o34 =O/S 1=5/8 doays wde o/g “deays Ajuo g/g
mA_MvnAo@._ (3dos-AIng) Sreusane NT X
s (1dosen3ne) SQUIB|G [ -8+S9MI()[-8 ‘(Af-Aewr) g X oamsed
sAep (¢ A10AD / 2119e38-9(¢€) dooys ur dooys ; armsed opped
Pud A} Je IR A Jowuns 1861 .
1e)s uone)ox ames 8-9(7) . ur omes ‘oleurdly  MS/S(E)
S pue I ueam1dq SN (¢) < ou sok | ur 1eak Yy oy ux o 18 o ome0 | (S ol SQUITIE[-g /e 19 uIzyqropuy (1das-Aewr)
(@) s (dog-Any) Auo ()(2)(1) ur : /PUBLISZIMS
: % (O(Dut ¢ + 59ma01-8(1) : aigsed omeo ur dmed H(2)
Pud A JB CIBI A : :
SN ZPUBIIEAL a|neo/daays (ydos-Aeur)
amysed dooys ur dooys
N34 ¥ ys ur doays (1)
(€)(¢) ur soaeo
U0 IBOAG *SQUIB]()Z+SIM() |
'SMOD () Ul < S9A[BD Ul 201M) () 29 SAATRIZ] () B
oy 10§ Jueptodwir jou | (€) ur < squuey ur Ul SOA[RD JBAAPIE pro S SQUIB[() [ +SOMG ¢ 10§ UO poLIED sEM Apns oyl
QIoM SIPOJBWAU IO M1 SA SoK uo AJuo«— ook 1- ~ sontes | hm . 1 29 SIATRO9 (€) 1861 /II9H/AemION S Mﬁm ool E ) wSNMw
Snieq ewsN yim AMVANvV:Vv “owuans Jo pud 1-5°0 I tep I SIA[RIT| ANV b } N Q\ '
q i poxiwi(g) omeds(z)  dodays(t)
UOI}OJUI-SSOIO A[UO) | SOAJRO U0 DT squie] 29 Suizeid squie|()z+sama01 (1) :
210J0q SOMd a|neo/dasys
(1) ut—
(n
. <(€)(7) S cIeak . , ‘Judwageurw
( ) ( oﬁm\v%owo - ©(n <@ Zwtﬁocm v._Mm\A Suueom  3sod w0 [eup
D> ()@) <(1) o} ) puo) S 79 11eaA [udy pig ul (€ . *SAIs 7 e pajeorfdal s1eak ¢ 10AQ
creok nq SN 2419 O pue o 1918 N9 dnoi3 x Wzl 4 £10A0
©0) > @ 09 "H 1dooxe eo pue syuswadxd 'SI091S¢ aresaie apes 7 dooys 219 ()
7T X “dds ye 103 (1) > (€) ur woned 10N | ou sok 0] POALLIE e z 1O SIOYIOYM T =7)IS 8L61 /MOOYINOS o Cons
SONIRLIOIN ouo "D uo (7) > (1) mg :v. > ()(7) erwok uoym 9e)«— | pue dosys Sunok NERIN pue 1031Rq /RI[ENSNY areumye apyes %9 dsous 90S (2)
(D<@ JewsN (=) o] 10 SI10YRMET =[S srewoye
(AR pue 1axe’| ‘|09 | oy N9 pue Surueam onyed/deays ou opo 2 dooys DS (1)
1YSTOM 9009[,] ‘u02 "H uo (1) > (7) [dy e dooys«— — o
doays ug urg bmo doays uy o 1d sy 7 pue daays Aq Ajuana pazeabaid
o34
19410 suspang WAopA MT1/D34 -0 | -SS04D jusunesn S[ewlue Jo aby dnoub Jad S[Ewiiue ABRA/IOHINY SjuswIea. |
anUIWBYIUY ; sjoopped | 4o JegquuinNy/se10ads /Anunod

155



‘doays 03 paydepe arow
Apuaredde  uny D
‘doays 03 paydepe a1ow
Ju0d 'H pue 02 ‘|
‘aes 03 paydepe arow
Apuoredde |meds '

“I9JUD 210Joq
sAep Gz= Iodel1],
‘wsnisered
Jo su3is [eorurd
10 99J Y31y udym

IBdK | I9A0 ApmIS

(©) pue 13xe "L "aped o) pue JIe)s 10ye A A § 51098 $am39] (g) Samd9] L661 ['Te “doays(g) dooys/amnes
dnoi3 u1 paip ¢ pue |paydepe azowr 1ound Q|1 UO sonsHeIS ON | SOK ou 1 /109156 () 102156 (1) 7l 01
A o : e ¢ parean dooyg SIK < samyg 18 querewy /qizeid ((z) omed (D« [PRds siep
() dnoi3 ur parp ¢ |pue 190e|d 'H (7 woxy . q aneo/dasys d £ 6
(037 <) 39915 | PUB oMo [onuod yon [ude 8G uay) dsays Aq pazeab-aud
. -00p wolj puy
[ OS[V ‘et ay) Jo N Al pue Kew
W8 o 3 Ao SoA[Ed Ul SjUSWERL) oM
10081} pue sydopped s ) oM
7 dnois Jo 10935 |
ur N AmAd  =quel
IodeI} U0 sudpIng
'SIBIA § JOA0 ApMIS
Jrek sean quIB| UIM)29SOMQ “dooys(y
‘Popasu UM ‘A U6 DUE ~1eok ul|  uoomIe ou ok NOWINT 18 oMo squure| 10 SOAJBO9 S661 « sque| pue somd Aq pazeidaid
uonejudw[ddng duo O pue T : PASN i VW PpUB SOMD SIATRO I dopped X "B 19 uapaeq /3N *soATRY/doays(g) 6
: 1 150 'O UI G SOAJEO UO 234 1 o 4 : 1 1
: ‘a|eg/dasys doays/saarea(g) saaTed(T)
«— 9[Ned Aq paze1dald
(€) > (7) ur saA[ed “BuLIOIUD 910J0q SAA[BI+SMOI9 (€) “JedA ¢ 10A0 Apmg ‘suoping
(€) < (7) saared (1) < () ur squeg 18K pIE 29 pug OB 4. SoMD (uoneyjox SOA[BO+SMOIE wIoM I0J [[IY 2I9M  SOARD
(1) mnq ‘SN M SoK ou Aquo Suudsyo Mo\/ W.o Moo jou ‘dar ¢) /SQUIB[+SIMIG T (7) . mwmhﬁo € pue sque| { "SIAJRO4+MO0I(g)| 8
> (7) squeping ‘SN | (urjou synsar) “BuLIOIUD 910J0q 7 SOA[EO+ € squIe[+sama(¢ (1) /'8 38 UepIor /SN SOA[BO4+MOD/SqUIB[4+-2MI(Z)
Apuowr D34 189K K19A9 SINpy a|meo/dasys quie]-+3ma(T)
()ySnoip
SN /S upm 163K 1S) P2I2pISu0d Ss1edk 7 A[uo
(4)=(8) nq “Iowrmns nq s1edk ¢ 10A0 Apmig Apjoom
13410 suapINqg WIoAA MT1/034 -0D | -ss0u1D jusunesn S[ewlue Jo aby dnoub Jad S[Ewiiue ABRA/IOHINY Sjusuyea. |
NUIWBLIUY : sjoopped | 4o JegquuinNy/se10ads /Anunod

156



juounjean) Jod squue|

‘(300 03) doays
pue 9[neo uay) pue (nf o) ABJA)

dooys pue omed  =§O+SO(1)
15oyS1H (v) skep 7 =8urueom jsod 100 o) daoys
pue 3somoT (1) (Sunids (Somd  : To[NeD)
. 87 A19A0 pue 9002 uoyy pue (jnf o3 Aepy) dooys
SJUNOd ON. DM T 1S9MO0T | sok Sk ul uI0q) sSuIIeak 1 sSulIedk = o[ped 1
( SuLouo 010§oq | ccam y . [1e 10 AoleN /3N [Pue de) =S+SD(g) (100 01)
7) pue 1soySTH SI199)S ‘squue (squrey 41
Surueom je squie| . doays( nr 01 ABN) 9MeI=SD(2)
(1) DHA— ] 9M3) squue] SaMd
apesydooys (100 01 Ley) Ajuo dooys=gS(T)
— 189K Surpaosard
oY) SHUdUIEDI) A} SB PozeIS-oIld
“IQJUIM Ul
skep 8¢ A10Ad pue Suwds ur sAep
87 A19A9 sdnoid [re ur uonejoy
(%0L X pue  9,0gauIdN|)
Suizeid T apes;/daays(g)
(%0L X
S — SYoAM ¢ AIOAD . pue 9,0¢ouddn]) Auo doays(y)
e 105 puncy parean ape) (uoseas sy | (%0L oYM /oK1
A L (001 1<2)) wo puadap) | pey (8)(S)H)(E)Q) pue ,0caueony) Aquo doays()
, e.t ) uwnne o_._ ua suounesn e | ok YoIeA G juowdde|dar sypoopped snjd 8661 (%001 oYM /AKY)
cmm (w vu mﬂ_mmm 10} punoj JJIp SN pue uef [ 901m) N L 91mes 0l-¢ SQUIB[GE SAMA()E [1e 19 sSON /ZN  |Suizeid ¥ aped/doays(q) H
um s Qw : cm YoudIp quieT ‘Ul ur popraipgns| - pey sdnois [y (%001 oYM /oK)
¥ _ vop ppe 210J0q AJuo jo[uIe) § ameo/dasys Suizeid € apes;/daays(yy)
sa[ews) ¢ uo uspang .
ParEaI) 10U SOMH (%001 oYMPLY)
Suzeid z apes;/daays(g)
(%001 oYM/KY)
Suizei3 1 omeo/dooys(z)
(%001 duym/eLy) Auo doays(T)
—
(umos Apuadad) aamsed ues|d
19 susp.ang wo, -0 | -ssou jusunean slewiue Jo af dno.b Jad S[ewiue ABaAIouINY Sjuswiyeal
1o pang M M/o34 o o anUIWBYIUY [ELLILE 40 S0V So0pped | 0 JaquinN/saloads /Anunod justeall

157



SIJIOY Ul SN«—
‘uoseas *samad jueudaxd
1U09 "H Y3IM UOodJul SyerpaLL 10 SI9JIoY ‘suapIn
! ! ! 1 A[uo ! pinq .
Jo uonsagdsns (1) ug o J831) ON wIoMm 10J pasn d1om ‘(porrad
. 100JJ9 18I} SOMD .
SIQJIOH UO«— 3 (Surueom . samd (9 (€) Suiquie] ¢ 9y} JO ) Judunean
(D>(9) -snjABUO.ISOUDLIL UBEOE] Ul Je pue Surueom 4 s1oq1Yy 11 (2 6002 1od Apms oy uo wI0q squie| ¢
squue| : ‘uoseas Aurer : 11-£ yuswooedor G=(¢ : P U 9 Sque]
E Somo Ul 10 SN o w Surmon | Y sok 010J0q SYMG) <Ihon Som ( SIOJIOY juowny pue NoryejA ‘uoseas ST
b FAX ) (6) (1) g eusdoog | O ooy squieTe— | 3 on 871 S | p= 8=(1 7179 somd 09 (1) | /,onbrunie, ooues | Aurey ‘operpoutioiu] ‘A1 Sutnp
JO SIUQWIdINSBIIA! 18 3d2ox0 (€)>(1) . (83007) s1oy19y
(1<(¢) s snyouowseH SQUIT] JOP[O Ul (Surueom : a|ne/dasys Apmg "squie[+samad jonuo)(g)
‘qQuIB] UO«— SUOSEOS AUTEL Je pue Surquue| SIOJAY |043U0D (Z) SqUIB[+SaMmd
suoping : 19)JB SYMG) 901M) Ppue SI9J19Y AJewIdV(T)
w Kapur (1) <(©) : ’
SKEPQ> SQUIE] Somo Jurquue
Funok up— DA
*SUOIIRUIqUIOD -a3ess
3ip s yoes dnois pug Hmwa pue o1d pue o3e)s Is|
9%92(2) < QAIINDISUOD SABp tod 7 doous— a1d 1y 'sAep ] 10} pazeI3 s190e1)
. ‘ . 7 doays 100vI] .
%9°8(E) < %6°L8(T) g uryean ¢ ‘Ndd - (yoopped Aqeury (Nad) suod ur skep
[oom :m%ﬁwwﬂw:ww %ﬁwhmm%% gwwwmm (0) < smw_wwmmwwﬁ o1 dodys 190e1] %) W0q SqUIEL mwowwm%%v m%n%m 130 ()
° PN . [(¢) (1)] Surueom 8 squie| pue 29 samd jueugaid(| x broy ur sty L
(1) ur Suizeid somd|%¢°88(0) < %6'96(£)| ", squeppue | ou | sok A1A2) SN[OQ *dH | (o oz puge— (ey 28e3s puze— 600T /'1e Suique|  Juuds 1oy omsed
. . . . 4!
Yoom 1od|< 9.726(1) ur o3e1s som3 ST (@) SIOORI) Ul«— WL (O 8T 730 61810)) € € X s120987(E) 10 Aofreq serensny [Suuedord 103 Jeuy -oSeis IS|
901M] PANQLSIP Sem|pug Jo Juruurdoq-a3e)s ~ 1) (DS 534 ‘payoerax (@)(1) 38e1s 15 ¢ X syRmMEL(7) 159) 01 SOMd FuLIRdq AZB)S PUT—
Aopreq oSe)s pug urfis| Suuuideq WOl 103311 uaym ¢ X sioyonch(]) [sypoopped ¢ wr daxr (¢)(2)(1)]
suaping (7) ug ~201M} o8ws 15T oo N Jmed snonunuods(g)
Jo uononpar jo 9 (1) Uy ‘TeALue on1eo/dasus 2SO daays snonunuod(z)
uo 23e3s pug Ryed/desy skep g Jo 9oko 7 Suizeid
pue o3e)s IS« s1oyom passardns(]) a5e)s IS«
“UOTIQJUI-SSOIO SN o . 'SI09)$ AU} [[B OS[Y "SAep 8 10
<) mA_meWU pu el 'O 2 ound - D @%om e\wwﬁowﬂw\%o_ T “UOISBO00 08D posnoy uoyy pue dodys ym sLep
ANXC.A (©) oo D owrs H o ‘Ajurew (1) ‘cooz 1sndny ao>m 10 000% Ko Uo { quIe[ 120RI}«— 7€ 10J pazeid (JN €) squuef Jodel],
00 - oo —~(sdnois sk A
ur snyouowseH Jo omed up jod L ® (9} <| ou SOk | ueyy JoySiy DI 189K G-7 8y =(sdno (e101 800¢ SAEP <6l 1049 €1
o - 1U0D 'H Aurewr squie| . : €) 91 T1) amedy 29 (18101 | /'[e 18 Byooy /[izelg [dSueyomiul doays pue 9[ned(g)
0/ "OBAIR] QI[N «— A (€) ‘4007 yore 10331 uoym  [Jo 9¢ 29 1K 1 JO ¢
5 Iooel} U] 'sow) JJIp ! d : 3 d 99) deayszz (£)(2)(1) skep 9 AI0Ad  a3ueyorojur
urpagy wsomieq gIp SN -ds :suondooxo pue uone)sa oys«— smea/daays doays pur apea(z) sep z¢ A1oad
snjd axmsed «— - SN o34 JO pud somo 4 P ¢ P
QU0 UM [OIUOd ON o3ueyprour doays pue 9[Ned(T)
) ) 1uswieall dnoub aad s[ewiue JeaA/JoyIiny
13410 suapINqg WIoAA MT1/034 0D | -SS04D SNUILIYIUY S[ewlue Jo aby soopped | 10 Jaquiny/saioeds /Anunod Sjusuyea. |

158



"D%0S(€) Ul %te

pue H%sz(h) 'SIB0K § 10J 15€|
ul 9,66 paseaIoul e oy, "dor o] jo [e10} ® IBOA
9Je1 IMOID) s1wok 4 X 12d ¢ doyyoopped A19A9 103 3521
(1 ey D%0s(¢ pue =M1 (1) S pue opPY pouEA | 9= IO dnois sod 1310y €10 /MBI |JO SYOOM { QI0JAIOY) SUOLIBIOL
0%, ( ur 1omof SJUNOd ON| 0%5.(2) ou Sk o - : /,9dnojopenn,, Appoom pue syoopped Xis "oy oyy| £ ]
: SulueoM=spry W /-7=SpDy s=(1) 8-S pue spry L[-G] :
o10M d1eI yJBag 09%05(€) < : : : w_ﬁmobmom Qouel] 9)1dwoo 0} s19J10Y pue HY%7(y)
D%S7(H) =OM D%05(e) D%SL(Z) WO
TUD%001(1) 1808 9,001 (T) Sun{o0Is JUAIRYIQ
> 0D%52(y) «—sye03 Aq pazeidaxd
S =034
00T
ur Sjuou e
usamiaq J3ip Pl6=sque] ‘S squue| squre] %
‘bopaau uoym SIUNOY ON S spiifguons 104 SoK ou JUAWBAI) ON PYY=SOAIED € + 8 SOA[BO4MON(T) | TIOT/[e 10 UBHSHO SIATBI4+MOD)(Z) SIATRI+MOD(T) |91
uonejuawa[ddng “$00T 7 Tk pTg=squie| 8 SOATEO+MOI(]) -uQUNULIO /PUe[uty | (a0s AU0003) ormeed U
jsndny pue g0z P9p=SaA[ed | 182K ameo/dasys ! o )
aunf ut (g) <
(1) emowrg 934
19 suspang wJo, -0D | -ssou jusunesn S[ewlue Jo ab dnoub Jad S[Ewiiue ABRA/IOHINY Sjuswyea.
1o pang M M/o34 o o anUIWBYIUY [EWILE J0 8DV sjoopped | 4o JegquuinNy/se10ads /Anunod justeall

159



Appendix 2

Supplementary information for Chapter 2.

Analysis of the pathogenicity and diagnosis of GI nematode

infections in young farmed deer — Initial Study

2.1 Data- Blood parameters

Treat= Treatment Group, LD= Low dose, MD= Medium dose, HD= High dose, Pen=

allocation of the deer on the pen, Anim= Identification number of the deer, Day= time
before (-14) and after (1-36) beginning of trickle infection, Alb= Albumin (g/l), TP=
Total protein, Glob= Globulin (g/1), Agr= Albumin to globulin ratio, Wbc= White blood
cell count (x 10 cells/l), Rbe=Red blood cell count (x 10° cells/I), Hgb= Haemoglobin

(g/l), Mcv= Mean corpuscular volume (I/cell), Mch= Mean corpuscular haemoglobin

(g/cell), Neut= Neutrophils (x10° cells/l), Lymph= Lymphocytes (x10° cells/l),

Mono= Monocytes (x10° cells/l), Eosi= Eosinophils (x10° cell/l), Baso= Basophils

(x10” cell/l), Luc= Large unstained cells, Pep= Pepsinogen (iU).

Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbe | Rbc | Hgb | Mcv | Mch | Neut | Lymph | Mono |[Eosi| Baso | Luc | Pep
Control | 7 1 <14 | 29 | 55| 26 | 1.12| 4.88 | 12.14 | 148 | 30.5 | 12.2 | 26.3 | 61.2 9.5 03] 24 |03
Control | 8 3 <14 | 35 | 59 | 24 | 1.46| 565 | 11.45| 151 | 31.7 | 13.2 | 30.3 | 62.5 3.8 021 3 0.2
Control | 7 10 | -14 | 33 | 63 | 30 1.1 | 603 [ 11.59] 163 | 343 | 14 34 57.7 5.8 021 09 | 1.4
Control | 8 11 -14 | 32 | 64 | 32 1 5.53 | 11.64 | 158 | 35 | 13.6 | 353 | 59.7 1.6 04| 26 | 04
Control | 7 14 | -14 | 34 | 67 | 33 | 1.03 | 6.45 | 10.76 | 134 | 30.8 | 12.4 | 30.1 | 63.2 3.9 02| 1.9 | 07
Control | 7 15 -14 | 35 | 61 | 26 |1.35] 6.14 | 1333 | 170 | 32 | 12.8 | 19.1 | 75.1 3.2 02| 1.8 | 05
Control | 8 18 -14 | 33 | 63 | 30 1.1 | 7.93 | 11.58 | 150 | 32.5 | 12.9 | 37.8 | 56.1 2.6 02| 28 | 05
Control | 8 21 -14 | 35 | 60 | 25 1.4 | 8.68 | 11.9 | 160 | 33.7 | 13.4 | 39.2 | 552 3.8 02| 1.3 |03
Control | 7 24 | -14 | 32 | 58 | 26 | 1.23| 109 | 10.92| 143 | 33.1 | 13.1 | 33.1 57 6.5 0.1 28 | 04
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Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbc | Rbc | Hgb | Mcv | Mch | Neut | Lymph | Mono |Eosi| Baso | Luc | Pep
Control | 8 26 -14 | 33 [ 60 | 27 | 1.22 | 813 | 12.69 | 156 | 30.7 | 12.3 | 29.1 | 64.3 3.8 07| 1.7 | 05
Control | 7 47 -14 | 38 | 63 | 25 | 1.52| 391 | 11.84 | 188 | 389 | 158 | 109 | 755 108 | 0.2 2 0.6
Control | 8 61 -14 | 40 | 68 | 28 | 1.43 | 599 | 1048 | 158 | 37.3 | 15.1 | 36.7 | 52.1 8.3 01| 25 |03

LD 5 5 -14 | 32 [ 58 | 26 | 123 | 65 |10.23| 144 | 347 | 141 | 25 69.8 2.6 01| 1.8 | 0.7
LD 5 6 -14 | 29 | 57 | 28 | 1.04 | 11.08 | 9.42 | 128 | 33 | 13.6 | 29.1 | 61.5 7 01| 1.6 | 0.6
LD 5 13 -14 | 34 | 66 | 32 |1.06 | 7.68 | 10.93 | 136 | 30.3 | 12.5 | 36.8 | 55.2 4.7 01| 28 |03
LD 5 20 -14 | 37 [ 66 | 29 |1.28 | 743 | 11.73 | 146 | 31.5 | 12.5 | 30.6 | 62.5 3.8 01] 27 |03
LD 6 22 -14 | 34 | 64 | 30 | 1.13 | 935 | 11.53| 139 | 30.5 | 12.1 | 37.2 | 53.6 7.1 01| 1.6 | 03
LD 6 23 -14 | 37 [ 63 | 26 |142| 637 | 971 | 112 | 283 | 11.5 | 21.8 | 715 33 02| 26 | 0.6
LD 5 38 -14 | 37 [ 70 | 33 | 1.12 | 7.48 | 13.36| 160 | 299 | 12 | 29.2 | 643 35 03] 24 |03
LD 6 53 -14 | 35 [ 65| 30 |1.17 | 636 | 11.57 | 159 | 352 | 13.8 | 19.8 | 745 1.8 02| 33 |04
LD 6 56 -14 | 34 | 6l 27 | 1.26 | 8.39 13 171 | 327 | 13.2 | 49.1 | 446 3.9 01| 1.5 |07
LD 6 68 -14 | 37 | 70 | 33 | 1.12 | 6.6 |12.11| 161 | 34.1 | 133 | 253 | 63.6 5.7 01| 46 | 05
LD 5 104 | -14 | 31 | 60 | 29 | 1.07 | 9.15 | 1343 | 175 | 32 13 267 | 658 49 09| 12 | 0.6

MD 4 4 -14 | 33 | 65| 32 |1.03| 6.05 | 11.98 | 145 | 29.9 | 12.1 | 26.9 | 67.6 3.1 01| 1.8 | 04

MD 2 8 -14 | 32 | 62 | 30 |1.07 | 6.64 | 12.24 | 151 | 30.4 | 12.3 | 30.5 | 64.8 2.5 03] 1.8 | 02

MD 4 16 -14 | 35 [ 66 | 31 |1.13 | 641 | 1327 | 167 | 31 | 12.6 | 31 64.1 2.9 01| 1.6 | 03

MD 4 25 -14 | 31 | 62 | 31 1 5.6 |10.74 | 141 | 342 | 13.1 | 283 | 66.4 3 01| 1.8 | 03

MD 4 28 -14 | 36 | 68 | 32 | 1.13 | 7.17 | 14.08 | 168 | 29.3 | 11.9 | 26.2 | 67.8 3.4 0.2 2 0.3

MD 2 29 -14 | 33 [ 64 | 31 |1.06 | 7.78 | 11.84 | 141 | 31.2 | 11.9 | 36.7 57 3.9 01| 1.6 | 0.8

MD 4 39 -14 | 32 | 64 | 32 1 6.89 | 12.5 | 185 | 36.5 | 14.8 | 22.3 | 69.6 4 03] 33 | 05

MD 2 78 -14 1 39 | 71 32 | 1.22| 479 | 12.65| 164 | 32.1 | 129 | 31.6 | 583 6.2 04| 3.1 | 04

MD 4 81 -14 | 33 [ 62 | 29 |1.14 | 522 | 11.82| 157 | 332 | 133 | 19.8 | 66.5 8.8 02| 42 | 0.6

MD 2 88 -14 | 34 | 63 | 29 |1.17 | 5.76 | 11.26 | 144 | 32.1 | 12.8 | 423 | 50.8 3.7 02| 27 |03

MD 2 98 -14 | 31 [ 64 | 33 094 | 6.76 | 10.7 | 146 | 33.8 | 13.6 | 32.7 | 56.3 7.1 02| 3.1 | 07

HD 1 2 -14 | 39 [ 68 | 29 | 134 | 8.69 | 122 | 174 | 344 | 143 | 28.1 | 64.1 35 01| 39 | 02
HD 3 7 -14 | 35 [ 62 | 27 1.3 | 9.02 | 12.81 | 177 | 34.1 | 13.8 | 20.6 | 73.3 3.7 02| 19 | 03
HD 1 9 -14 | 33 | 60 | 27 |1.22 | 9.17 | 11.96 | 155 | 32.4 | 13 | 41.7 | 528 2.6 01| 2.1 | 0.7
HD 1 12 -14 | 32 | 66 | 34 094 | 46 |11.17| 150 | 33.8 | 13.5 | 29.7 | 64.4 4 01| 1.6 | 0.2
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Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbc | Rbc | Hgb | Mcv | Mch | Neut | Lymph | Mono |[Eosi| Baso | Luc | Pep
HD 1 17 -14 | 36 | 65 | 29 | 1.24 | 478 | 12.63 | 156 | 30.9 | 123 | 353 | 59.7 2.6 02| 2 0.1
HD 3 19 -14 | 37 | 66 | 29 | 1.28 | 12.51 | 10.76 | 135 | 31.6 | 12.6 | 28.2 | 62.6 4.2 01| 45 | 04
HD 3 27 -14 | 34 | 60 | 26 | 1.31 | 876 |12.59| 153 | 31 [ 122|215 | 712 4.5 0.1 2 0.8
HD 3 30 <14 | 32 | 65| 33 [ 097 | 6.61 | 11.7 | 145 | 30.7 | 12.4 | 27.6 | 64.7 44 01| 24 | 09
HD 1 42 -14 | 35 | 65 | 30 | 1.17 [ 10.56 | 12.63 | 151 | 30.2 | 12 | 44.5 | 50.1 3.4 03| 1.2 [ 05
HD 3 92 -14 | 29 | 57 | 28 [ 1.04 | 545 | 13.13| 159 | 294 | 12.1 | 19.7 | 73.7 4.1 01| 1.6 | 08
HD 3 115 | -14 | 33 | 63 | 30 1.1 | 568 [10.64 | 152 | 369 | 143 | 243 | 68.9 49 01| 1.3 | 04
Control | 7 1 1 30 | 58 | 28 | 1.07 | 495 | 12.6 | 150 | 30 | 11.9 | 30.2 | 63.7 3.7 07| 13 |04 ] -74
Control | 8 3 1 33 [ 55| 22 1.5 6.2 | 10.55| 140 | 31.2 | 13.2 | 37.9 | 56.5 2.4 02| 26 | 03] -28
Control | 7 10 1 35 | 66 | 31 1.13 | 5.06 | 1096 | 161 | 33.8 | 14.7 | 26.8 | 67.1 33 07 1.1 1 2.1
Control | 8 11 1 33 [ 63| 30 1.1 | 6.12 | 10.73 | 149 | 33.9 | 13.9 | 358 | 58.3 3 03| 24 | 03] -29
Control | 7 14 1 35 [ 72| 37 [ 095 6.63 |10.79| 135 | 30.5 | 12.5 | 364 | 579 2.7 03| 21 |06 ] -14
Control | 7 15 1 36 | 63 | 27 | 1.33| 791 [11.93 | 156 | 31.2 | 13.2 | 24.7 | 71.6 1.5 02| 1.7 | 03] -15
Control | 8 18 1 351 65| 30 | 1.17 | 745 | 1145 | 154 | 319 | 134 | 357 | 60.4 1.3 01| 24 |02] -07
Control | 8 21 1 35 1 62| 27 1.3 | 9.17 | 11.23 | 153 | 32.8 | 13.7 | 348 | 60.1 32 03| 15 [02] -17
Control | 7 24 1 33 | 6l 28 | 1.18 | 12.11 | 10.64 | 142 | 32.2 | 13.4 | 30.1 | 63.7 33 02| 24 [ 03] 26
Control | 8 26 1 34 1 60 | 26 | 131 851 [12.03| 151 | 30 | 12.6 | 34.6 | 60.1 3.4 02| 1.4 | 04| 2.1
Control | 7 47 1 34 | 60 | 26 | 131 446 (1099 | 177 | 38.1 | 162 | 123 | 77.1 7.2 03| 21 1 -4.5
Control | 8 61 1 40 | 71 31 | 1.29| 558 | 9.61 | 147 | 36.4 | 153 | 35 57.3 5.1 0222 [02]-13
LD 5 5 1 31 | 59| 28 | 1.11| 821 [11.02 | 154 | 33.7 | 13.9 | 29.7 | 66.2 2.1 06| 1.1 | 03] -34
LD 5 6 1 30 | 61 31 | 097 | 11.96 | 892 | 122 | 329 | 13.6 | 37.8 | 56.4 3.8 05| 1.1 | 04 |-11.4
LD 5 13 1 35 1 67 | 32 | 1.09| 843 | 9.73 | 126 | 29.7 | 129 | 47 47.1 43 03| 1.1 | 02] -1.0
LD 5 20 1 41 | 69 | 28 | 1.46 | 9.14 | 13.02 | 169 | 31.6 | 13 | 38.7 | 544 42 08| 1.5 | 04| Lo
LD 6 22 1 35 1 64 | 29 | 1.21]|11.04 (1094 | 137 | 30 | 12.5 | 32.8 61 4.6 02| 1.2 [ 02] -12
LD 6 23 1 37 | 63 | 26 | 1.42| 587 | 995 | 115 | 27.5 | 11.6 | 26.2 66 49 08| 1.6 | 05| -1.0
LD 5 38 1 37 | 70 | 33 | 1.12| 7.7 |12.74| 155 | 29.1 | 12.2 | 41.3 | 52.8 3.7 07| 1.1 | 03] -1.2
LD 6 53 1 351 65| 30 | 1.17 | 7.19 | 1047 | 148 | 34.7 | 142 | 353 | 59.6 2.5 06| 1.7 | 03 | -1.2
LD 6 56 1 35166 | 31 | 1.13| 648 | 11.18 | 154 | 32.6 | 13.8 | 46.5 | 46.9 4.7 0.4 1 05| 05
LD 6 68 1 38 | 71 33 | 1.15| 7.32 [ 1234 | 165 | 33.2 | 13.4 | 33.5 | 59.1 4 131 1.8 [ 02] 07
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Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbc | Rbc | Hgb | Mcv | Mch | Neut | Lymph | Mono |Eosi| Baso | Luc | Pep
LD 5 104 1 32 | 62 | 30 [1.07| 736 | 12.8 | 161 | 31 | 12.6 | 40.3 | 554 22 09| 06 | 0.6 | -0.4
MD 4 4 1 30 | 60 | 30 1 523 | 12.1 | 148 [ 294 | 122 | 323 | 62.7 2.4 08| 1.1 | 0.6 | -3.4
MD 2 8 1 35 | 67 | 32 | 1.09| 7.39 [12.13 | 154 | 30.8 | 12.7 | 40 55.5 2 06| 1.7 | 03 | -47
MD 4 16 1 38 | 68 | 30 | 127 | 6.55 | 1298 | 163 | 30.8 | 12.5 | 423 | 52.6 32 05| 1.2 | 02| -39
MD 4 25 1 32 | 60 | 28 | 1.14| 597 | 11.14 | 150 | 339 | 13.4 | 40.6 | 54.4 3.4 041 0.7 | 0.6 | -0.3
MD 4 28 1 37 | 68 | 31 1.19 7 1247 | 149 | 285 | 12 | 36.1 | 583 3.6 0.6 1 05 | -0.5
MD 2 29 1 33 | 61 28 | 1.18 | 6.95 | 12.69 | 153 | 31 12 | 53.6 36 7.3 1.2 1 09 | -3.6
MD 4 39 1 33 | 65| 32 [ 1.03 | 6.65 1239 | 188 | 36.3 | 152 | 36.9 | 554 5.3 08| 1.2 | 03 | 0.0
MD 2 78 1 39 | 71 32 | 122 593 | 12.7 | 167 | 31.6 | 13.2 | 41.9 | 525 33 08| 1.3 | 02| -07
MD 4 81 1 31 | 58 | 27 | 1.15] 633 [10.62| 143 | 32.2 | 13.5 | 53.6 | 43.7 0.6 1 0.8 | 0.3 1.0
MD 2 88 1 32 | 62 | 30 [ 1.07| 7.79 [10.44 | 138 | 31.6 | 13.2 | 68.3 | 269 2.8 1 0.7 | 03| -2.0
MD 2 98 1 29 | 60 | 31 |0.94 | 6.52 | 10.21 | 143 | 33.1 14 | 482 | 454 4 1.1{ 07 |07 | -05
HD 1 2 1 37 | 65| 28 | 132 7.68 | 891 | 126 | 33.3 | 14.1 | 39.7 | 543 3.6 04| 19 | 02 | 42
HD 3 7 1 31 | 59| 28 | 1.11| 8.01 |10.12 | 141 | 33.7 | 13.9 | 39.5 | 552 3 1 08 | 04 | -7.0
HD 1 9 1 33 | 62| 29 | 1.14 | 13.55| 11.73 | 157 | 319 | 13.4 | 61.7 | 325 2.7 06| 1.7 | 0.8 | -42
HD 1 12 1 32 | 64| 32 1 4.45 | 11.02 | 149 | 329 | 13.6 | 44.2 51 2.6 07| 1.3 |03 | -1.7
HD 1 17 1 35 | 63 | 28 | 1.25| 583 | 1252 | 158 | 30.6 | 12.6 | 53.6 | 40.8 4.1 06| 06 | 04 | 05
HD 3 19 1 34 | 63 | 29 | 1.17 | 10.68 | 10.62 | 136 | 31 | 12.8 | 43.7 | 522 1.6 06| 14 | 03 | 05
HD 3 27 1 32 | 57| 25 | 1.28| 854 | 12.09 | 152 | 299 | 12.5 | 42.7 | 512 3.4 04| 1.1 1.2 | 44
HD 3 30 1 33 | 65| 32 | 1.03| 6.55 | 11.53 | 147 | 30.3 | 12.7 | 42.1 | 50.1 5.1 0.5 1 1.2 | -3.6
HD 1 42 1 36 | 66 | 30 1.2 | 8.18 | 12.11 | 148 [ 29.8 | 12.3 | 61.6 | 31.2 5.1 1.2 06 | 03 | -28
HD 3 92 1 25 | 52| 27 | 093 | 846 |10.77 | 132 | 28.8 | 12.2 | 60.8 | 34.2 2.9 09| 04 | 0.7 | -0.4
HD 3 115 1 30 | 64| 34 | 088 | 7.14 | 1029 | 150 | 36.1 | 14.6 | 51.6 | 42.8 3.7 08| 0.8 | 03 | 41

Control | 7 1 8 29 | 58 | 29 1 7.03 [ 11.82 | 139 | 29.7 | 11.8 | 35.7 | 57.7 4.4 07| 14 | 01 | 2.6
Control | 8 3 8 35 |1 60| 25 1.4 | 7.09 | 13.25| 167 | 31.5 | 12.6 | 345 | 60.2 1.9 04| 28 | 02 | 1.1
Control | 7 10 8 35170 | 35 1 6.94 | 11.45| 157 | 33.7 | 13.7 | 33.3 | 60.5 4.3 01| 1.2 | 0.6 | 45
Control | 8 11 8 34 | 64| 30 |1.13| 733 | 12.3 | 164 | 33.6 | 13.3 | 283 | 67.1 1.7 02| 25 |02| 04
Control | 7 14 8 35 | 73| 38 |092| 7.5 |11.33| 135 | 303 | 11.9 | 34.7 | 588 3.4 04| 25 |03 23
Control | 7 15 8 351 65| 30 | 1.17| 7.5 |12.84 | 161 | 314 | 125 | 159 | 778 3.7 0.2 2 04 | 0.1
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Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbc | Rbc | Hgb | Mcv | Mch | Neut | Lymph | Mono |[Eosi| Baso | Luc | Pep
Control | 8 18 8 35 | 68 | 33 | 1.06 | 813 | 11.7 | 146 | 31.5 | 12.5 | 304 | 61.1 5.7 02| 23 [02] 34
Control | 8 21 8 35 | 65| 30 | 1.17 [ 11.39 | 12.07 | 159 | 32.2 | 13.2 | 36.4 59 2.9 02| 13 [02] 13
Control | 7 24 8 32 | 62 | 30 | 1.07 |11.45]|1043 | 132 | 32 | 12.6 | 29.5 | 65.2 22 02| 25 | 03] -58
Control | 8 26 8 34 | 62 | 28 | 121 | 9.14 | 1244 | 149 | 29.7 | 11.9 | 289 | 66.7 2.7 01| 14 [ 02] 06
Control | 7 47 8 32 1 60| 28 | 1.14 | 485 [ 1137 | 174 | 37.5 | 153 | 109 | 80.9 5.3 02| 21 [05] 40
Control | 8 61 8 41 | 76 | 35 | 1.17 | 6.82 | 11.83 | 172 | 36.4 | 14.6 | 422 | 513 4.4 02| 1.7 | 03] -04

LD 5 5 8 31 | 64 | 33 [ 094 7.16 1277 | 173 | 33.5 | 13.5 | 31.6 | 61.4 2.6 1.5 26 | 03] -23
LD 5 6 8 27 | 60 | 33 |0.82]1035[11.79 | 150 | 32.8 | 12.8 | 28 66.8 1.3 15122 [02] -05
LD 5 13 8 34 | 70 | 36 | 094 | 7.69 |11.56| 138 | 29.6 | 11.9 | 45.1 | 47.7 3.4 1.2 23 [ 03] -62
LD 5 20 8 36 | 65 | 29 | 1.24| 7.54 | 1327 | 167 | 31.6 | 12.5 | 37.9 | 55.1 3.6 04| 27 [ 03] 56

LD 6 22 8 35 | 67 | 32 | 1.09 [ 11.99 | 14.02 | 169 | 30 | 12.1 | 40.5 | 50.4 5.3 07129 [02] 21

LD 6 23 8 38 65| 27 |[1.41 | 396 |11.32] 126 | 274 | 11.2 | 254 | 675 22 26| 1.7 | 05 | -1.7
LD 5 38 8 35|74 | 39 09 | 7.01 | 13.69 | 163 | 29 | 11.9 | 33.7 | 56.7 3 4.1 2 0.4 |-16.1
LD 6 53 8 32 1 67| 35 |091]| 7.01 |12.07 | 167 | 353 | 13.9 | 254 | 61.9 3 59| 35 03] -18
LD 6 56 8 34 | 67 | 33 | 1.03| 771 [ 1339 | 175 | 32.3 | 13.1 | 43.7 | 45.6 5.8 1.6 3 04 | 24
LD 6 68 8 33 | 73| 40 | 083 | 622 | 11.9 | 152 | 32.7 | 12.8 | 269 | 60.5 4 44| 37 | 05| 03

LD 5 104 8 32 169 | 37 |086| 622 | 14.5 | 182 | 30.6 | 12.6 | 31.3 60 3.6 3 1.6 | 05| -1.0

MD 4 4 8 30 | 71 41 | 0.73 | 3.82 | 1545 | 181 [ 29.1 | 11.7 | 34 52.4 5.1 53125 06| 1.3

MD 2 8 8 32 1 67| 35 |091| 731 [13.54 | 161 | 303 | 11.9 | 43 48.6 2.7 1.3 4 04 | -0.5

MD 4 16 8 35170 | 35 1 9.06 | 11.7 | 144 | 30.5| 123 | 56 38 3.4 08| 1.2 | 0.6 | -04

MD 4 25 8 31 | 64| 33 | 094 | 6.8 [12.12 159 | 33.6 | 13.1 | 28.2 | 64.1 4.4 151 15 | 04| 45

MD 4 28 8 30 | 64 | 34 | 088 | 636 | 11.84 | 156 | 339 | 13.2 | 31.6 | 61.1 3.7 14 13 | 0.8 | 2.2

MD 2 29 8 30 | 68 | 38 |0.79| 6.86 | 13.81 | 167 | 31 | 12.1 | 43 42.7 3.9 81| 1.8 [ 05 ] 20

MD 4 39 8 31 | 72| 41 | 076 | 514 | 1325 191 | 36 | 144 | 23.4 | 60.6 25 |10.8] 24 | 04 | 0.0

MD 2 78 8 37 | 76 | 39 | 095| 464 |13.83 | 175 | 31.4 | 12.6 | 28.4 | 62.2 32 36 21 | 05 ] -35

MD 4 81 8 31 | 71 40 | 0.78 | 486 | 13.33 | 171 | 32.1 | 12.8 | 22.5 64 53 31 47 | 04| -14

MD 2 88 8 30 | 67 | 37 | 081 524 [11.24 | 140 | 31.4 | 12.5 | 40.2 46 4 671 25 |05 ] 22

MD 2 98 8 28 | 67 | 39 |0.72| 584 | 11.72| 157 | 329 | 134 | 31.4 | 59.7 4.1 22| 1.8 | 07| 12

HD 1 2 8 37 | 73 | 36 | 1.03| 6.08 |12.12 | 163 | 33.3 | 13.5 | 32.1 | 58.7 4 46| 69 | 05| 32
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Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbc | Rbc | Hgb | Mcv | Mch | Neut | Lymph | Mono |Eosi| Baso | Luc | Pep
HD 3 7 8 26 | 61 35 1074 | 584 | 12.87 | 172 | 33.7 | 134 | 28 58.4 43 89| 56 | 04 | 2.1
HD 1 9 8 30 | 63 | 33 [091 | 629 | 13.01| 166 | 31.7 | 12.7 | 51.1 | 433 2.5 27| 54 | 04 | 48
HD 1 12 8 28 | 70 | 42 | 0.67 | 273 | 11.51 | 151 | 32.7 | 13.1 | 36.6 | 51.8 43 3.1 36 | 0.6 | 0.1
HD 1 17 8 30 | 68 | 38 |0.79| 456 | 13.82| 170 | 30.5 | 12.3 | 31.4 | 524 3.7 85] 34 [ 07| 08
HD 3 19 8 35 | 72| 37 |095]| 7.03 | 14.02 | 175 | 31 | 12.5| 32.6 56 4.1 26| 43 | 05| 2.0
HD 3 27 8 29 | 62| 33 | 088 | 6.68 | 13.07 | 153 | 29.7 | 11.7 | 25.1 | 66.4 33 21( 23 |08 | -29
HD 3 30 8 29 | 67| 38 |0.76| 6.27 | 12.6 | 154 | 30.4 | 12.2 | 303 | 55.7 5.9 421 27 | 1.2 | 09
HD 1 42 8 32 |71 39 1082 695 | 1241 | 147 [ 29.7 | 11.8 | 30 58.9 3.1 441 31 | 06 | 1.8
HD 3 92 8 25 | 60 | 35 | 0.71| 398 | 1247 | 149 | 28.6 | 12 | 303 | 522 5 841 32 [ 09| 20
HD 3 115 8 27 | 74| 47 | 057 | 325 | 122 | 169 | 356 | 13.8 | 32.1 | 544 2 81| 31 [ 02| -14

Control | 7 1 15 | 28 | 57 | 29 [097 | 536 [11.78 | 139 | 29.3 | 11.8 | 39.2 | 55.1 32 04| 1.7 | 05| 0.1
Control | 8 3 15 | 33 | 60 | 27 [ 1.22| 487 [11.92| 148 | 30.8 | 12.4 | 37.1 | 56.6 3.2 04| 23 |04 | -10
Control | 7 10 15 | 33 | 64 | 31 [ 1.06 | 6.06 [10.82 | 145 | 33.1 | 13.4 | 34.1 | 55.7 8.8 01| 09 | 04 | 02
Control | 8 11 15 | 33 | 62 | 29 | 1.14 | 474 | 1056 | 139 | 33.1 | 13.1 | 31.1 | 623 3.6 03] 2.1 | 05| 09
Control | 7 14 15 | 35 | 70 | 35 1 6.06 | 11.82 | 141 | 30.1 | 11.9 | 34.7 59 3.6 03] 1.8 | 0.6 | 1.9
Control | 7 15 15 | 36 | 64 | 28 [1.29] 6.76 [ 1296 | 162 | 31.4 | 125 | 20 74.5 3.6 01| 14 | 04 | -1.6
Control | 8 18 15 | 33 | 64 | 31 [ 1.06 | 6.83 [10.33| 130 | 31.1 | 12.6 | 30.9 | 64.1 2.6 0.2 2 02 | -0.2
Control | 8 21 15 | 35 | 63 | 28 |[1.25]10.66 |11.17| 145 | 31.8 | 13 | 353 | 613 2 01| 1.I | 02| -1.0
Control | 7 24 15 | 31 | 59 | 28 [ 1.11 [11.45| 9.64 | 123 | 31.6 | 12.8 | 37.9 | 56.4 32 0.2 2 0.3 1.0
Control | 8 26 15 | 35 | 62 | 27 1.3 | 7.67 | 13.32| 165 | 30.6 | 12.4 | 30.3 | 659 2.4 02| 1.1 | 02| -1.0
Control | 7 47 15 | 28 | 53 | 25 [ 1.12| 491 [10.03| 153 | 37.3 | 153 | 10.6 79 6.7 0.1 2 1.7 | 1.1
Control | 8 61 15 | 38 | 72| 34 [112| 59 [10.73| 159 | 36.1 | 14.8 | 39.4 | 532 49 0.2 2 03 | 0.7
LD 5 5 15 | 30 | 64 | 34 [0.88 | 698 [12.06| 163 | 33 | 13.5 | 25.6 66 1.9 22| 37 |06 | -1.1
LD 5 6 15 | 24 | 57| 33 [0.73 -0.9
LD 5 13 15 | 32 | 67 | 35 [091 ] 9.05 | 9.69 | 115 |29.1 | 11.9 | 37.1 | 532 2 22 5 0.5 | 2.5
LD 5 20 15 | 35 | 64 | 29 [ 1.21 | 7.66 |10.89 | 138 | 31.1 | 12.7 | 34.6 | 55.1 5.5 1.6 2.8 | 04 | 4.0
LD 6 22 15 | 32 | 65| 33 [097 [13.05|12.51 | 153 | 29.7 | 122 | 30.2 | 59.3 5.1 14| 37 | 03 | -02
LD 6 23 15 | 35 | 63 | 28 [ 1.25| 4.64 | 1046 | 114 | 26.7 | 109 | 26.6 | 59.1 6.2 4.3 3 08 | 2.9
LD 5 38 15 | 34 | 79 | 45 [0.76 | 6.98 [13.09 | 157 | 28.8 | 12 | 285 | 534 4 10.6| 3.2 | 03 1.3
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Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbc | Rbc | Hgb | Mcv | Mch | Neut | Lymph | Mono |[Eosi| Baso | Luc | Pep
LD 6 53 15 30 | 67 | 37 | 081 [10.55| 9.96 | 139 | 348 | 13.9 | 17.1 | 63.8 35 |155] 67 | 02| 18
LD 6 56 15 32 | 66 | 34 [ 094 | 8.05 | 11.22 | 147 | 32.1 | 13.1 | 383 | 50.5 32 27| 48 | 04 | 0.6
LD 6 68 15 32 | 81 49 | 0.65| 872 | 11.83 | 151 [ 325 | 127 | 22 63.9 7.9 571 76 | 05| 27
LD 5 104 15 | 30 | 66 | 36 |083]| 691 |12.78 | 157 | 30.2 | 12.3 | 242 | 61.7 43 8.1 1 0.6 | 6.7
MD 4 4 15 | 27 | 71 44 1 0.61 | 573 | 16.66 | 202 | 28.6 | 12.1 | 26.4 | 65.3 22 25132 [04]-03
MD 2 8 15 | 29 | 65| 36 [081 | 639 [13.74| 164 | 30.3 | 12 | 355 | 569 2.5 1.6 33 [ 03] 07
MD 4 16 15 32 | 75| 43 [0.74 | 644 |13.03| 159 | 30.3 | 12.2 | 53.1 | 41.5 2.7 121 1.2 [ 03] 08
MD 4 25 15 | 29 | 62 | 33 [ 088 | 7.26 |11.46| 155 | 33.6 | 13.6 | 33.7 | 56.8 5.6 15| 1.1 1.3 1.2
MD 4 28 15 31 | 69 | 38 [082| 7.17 | 12.58 | 149 | 28.7 | 11.8 | 24.6 | 66.1 3.4 19 35 |05 ] 08
MD 2 29 15 | 26 | 64 | 38 [0.68 | 841 |12.46| 154 | 30.9 | 12.4 | 284 | 53.8 6.2 81| 28 [ 06| 06
MD 4 39 15 | 28 | 72 | 44 [0.64 | 54 |12.88| 188 | 359 | 14.6 | 204 | 62.7 22 |11.3] 3.1 | 04 | 3.1
MD 2 78 15 32 [ 70 | 38 [0.84 | 519 [12.16| 159 | 31.2 | 13 | 30.7 | 424 23 |21.1| 3 04 | 08
MD 4 81 15 | 26 | 64 | 38 |0.68]| 9.09 |11.39| 146 | 31.6 | 12.8 | 29.4 | 64.2 2.6 36 56 | 02| 24
MD 2 88 15 1 29 | 71 42 1 0.69 | 569 | 13.04 | 171 | 31.3 | 13.1 | 31 59.6 3 62| 57 [02] L6
MD 2 98 15 | 25 | 63 | 38 | 066 | 543 |10.83 | 140 | 32.4 | 129 | 273 | 65.2 3.9 1.7 13 | 0.7 | -04
HD 1 2 15 | 32 169 | 37 |086| 885 [ 11.19 | 151 | 329 | 13.5 | 28.4 59 7.3 441 95 |09 | 01
HD 3 7 15 | 26 | 65| 39 |0.67]10.25|13.01 | 178 | 33.1 | 13.7 | 27.3 | 55.8 9.1 751108 | 04 | 09
HD 1 9 15 | 28 | 67 | 39 | 072 7.09 | 13.64 | 176 | 31.2 | 12.9 | 38.4 | 50.1 2.7 441 39 | 06 | -1.8
HD 1 12 15 | 26 | 70 | 44 | 059 | 4.69 | 11.88 | 154 |32.5| 13 | 394 | 487 5.4 22| 36 | 0.7 | -0.6
HD 1 17 15 | 28 | 68 | 40 0.7 | 6.79 | 13.49 | 166 | 30.3 | 12.3 | 30.7 | 57.1 2.5 49| 45 | 03 1.6
HD 3 19 15 | 29 | 65| 36 |[0.81 [10.77 | 12.93 | 169 | 30.6 | 13.1 | 254 | 652 2.8 631 95 |04 ] 28
HD 3 27 15 | 28 | 60 | 32 | 088 | 811 |13.56| 165 | 29.5| 12.2 | 27.7 | 63.8 4.5 2 1.9 | 0.1 | 13.0
HD 3 30 15 | 28 | 70 | 42 | 0.67 2.7
HD 1 42 15 1 29|70 | 41 | 071 898 [12.32| 147 | 29.5| 11.9 | 38.7 | 50.4 3.9 64| 54 |06 ] 12
HD 3 92 15 | 22 | 56| 34 |065]| 6.7 |11.85| 139 | 284 | 11.8 | 245 | 64.2 4.1 381 27 |07 ] 22
HD 3 115 15 | 23 | 73| 50 | 046 | 858 [11.53 | 163 | 35 | 142 | 39 53.6 3.1 1.5 26 | 02 | 64

Control | 7 1 22 | 27 | 55| 28 | 096 | 488 [11.32| 134 | 29.5| 11.8 | 31.7 | 61.4 32 1.7 1.6 | 03 | 2.1
Control | 8 3 22 | 33 | 59| 26 | 127 7.02 [11.53 | 140 | 309 | 12.2 | 342 | 57.6 6 04| 1.7 [ 02] L6
Control | 7 10 22 | 33 | 64| 31 |1.06]| 532 [11.16 | 151 | 333 | 13.6 | 222 | 69.9 6.1 01| 1.1 | 0.6 | -0.1
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Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbc | Rbc | Hgb | Mcv | Mch | Neut | Lymph | Mono |Eosi| Baso | Luc | Pep
Control | 8 11 22 | 35 | 63 | 28 [1.25] 6.13 [10.89| 141 | 33.1 | 13 | 26.6 | 658 4.8 03] 21 | 03 | -22
Control | 7 14 22 | 35 | 72| 37 [095| 559 | 11.71 | 141 | 303 | 12 32 62.2 33 02| 1.8 | 04 | 2.1
Control | 7 15 22 | 36 | 63| 27 | 133 ] 7.61 1252 154 | 31.6 | 12.3 | 20.1 | 743 4.1 02| 1.1 | 03 | 21
Control | 8 18 22 | 32 | 67| 35 | 091 7.14 | 10.03 | 125 [ 31.9 | 12.5| 35.6 | 53.6 8.1 02| 23 | 01| 39
Control | 8 21 22 | 35 | 62| 27 1.3 | 10.1 | 10.78 | 134 | 31.5 | 12.5 | 29.4 | 65.5 3.1 03] 1.5 | 02| 42
Control | 7 24 22 | 33 | 61 28 | 1.18 | 9.5 |10.86 | 136 | 31.9 | 12.5 | 31.1 | 623 35 02] 26 | 02| 3.0
Control | 8 26 22 | 33 | 59| 26 [1.27 | 726 [11.77| 139 | 29.2 | 11.8 | 28.1 | 65.6 4.5 02| 14 | 03 | 53
Control | 7 47 22 [ 31 | 56| 25 [1.24| 41 [1089] 161 | 37 | 148 | 15.1 77 5.1 02| 14 | 1.1 3.7
Control | 8 61 22 {39 | 70 | 31 1.26 | 5.79 [ 10.13 | 146 | 35.7 | 144 | 342 | 587 4.4 03] 22 |02 18

LD 5 5 22 | 28 | 60 | 32 [0.88 | 7.41 [10.62| 139 | 32.8 | 13.1 | 243 | 652 5.3 171 32 [ 03 | -15
LD 5 6 22 | 25 | 56 | 31 [0.81 | 6.84 [10.02| 125 | 32.1 | 12.5 | 19.1 71 32 27| 34 | 06 | -07
LD 5 13 22 | 32 | 67 | 35 [091 | 858 [1055] 125 | 29 | 119 | 31.9 | 60.7 4.5 2.5 5 04 | -59
LD 5 20 22 | 34 | 64| 30 [1.13| 7.6 [10.77| 134 | 31.2 | 12.4 | 283 | 59.9 5.2 1.5 46 | 05 | 55
LD 6 22 22 | 33 | 68 | 35 [0.94 1249|1348 162 | 30 12 | 27.8 | 66.6 2.7 271 6.1 | 02| 12
LD 6 23 22 | 35 | 62| 27 1.3 6.6 | 9.64 | 108 | 269 | 11.2 | 19.7 64 6.1 56 39 |07 | 24
LD 5 38 22 | 33 | 76 | 43 [0.77 | 837 [12.77| 148 | 289 | 11.6 | 254 | 58.7 2.5 921 39 [ 02| 21
LD 6 53 22 | 31 | 68 | 37 [0.84 | 9.14 [ 1052 | 143 | 34.8 | 13.6 | 20.3 | 66.2 3.1 |10.1| 6.8 | 0.4 | -1.6
LD 6 56 22 | 31 | 56 | 34 [091 | 7.99 |11.58| 146 | 32.4 | 12.6 | 333 55 4 28| 45 | 04 | 0.1
LD 6 68 22 | 31 | 75| 44 0.7 | 10.64 | 10.14 | 124 | 32 | 123 | 21.6 69 3.9 5 65 | 05| -02
LD 5 104 22 | 30 | 66 | 36 [0.83 | 7.1 [12.89| 160 | 30.2 | 12.4 | 20.6 | 68.6 2.6 711 08 [ 03 1.4

MD 4 4 22 | 25 | 69 | 44 [ 057 | 56 |[13.44| 155 |28.1 | 11.6 | 283 | 60.9 3.8 25| 3.8 | 08 | -0.2

MD 2 8 22 | 27 | 64| 37 |073] 9.12 | 12.63 | 150 | 30 | 11.8 | 343 | 614 2.5 1.5 51 | 03| 02

MD 4 16 22 [ 27 | 72| 45 0.6 |13.42 | 11.88 | 141 | 30.1 | 11.8 | 49.5 | 44.8 2.4 1.5 14 | 04 | 42

MD 4 25 22 | 28 | 60 | 32 [0.88 | 9.26 [11.15| 144 | 33.2 | 129 | 29.1 63 3.4 1.5 22 | 08 | 0.2

MD 4 28 22 | 31 | 67| 36 [0.86| 9.14 |11.38| 133 | 28.7 | 11.7 | 22.7 | 685 2.7 14| 43 | 04 | -05

MD 2 29 22 | 22 | 57| 35 [0.63 | 839 [1093| 129 | 30.9 | 11.8 | 26.2 | 61.8 3.8 5 23 |1 08 | 2.7

MD 4 39 22 | 27 | 68 | 41 [0.66 | 6.06 | 11.29 | 162 | 354 | 144 | 26.6 | 60.3 4.3 83| 57 [ 05| 09

MD 2 78 22 | 34 | 71 37 1092 | 512 | 12.65| 162 | 31.2 | 12.8 | 29.5 | 572 32 671 33 |02 -33

MD 4 81 22 | 26 | 63 | 37 0.7 | 9.19 | 10.89 | 133 | 31.2 | 12.2 | 25.1 65 1 48| 39 | 02 | -3.8
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Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbc | Rbc | Hgb | Mcv | Mch | Neut | Lymph | Mono |[Eosi| Baso | Luc | Pep
MD 2 88 22 | 26 | 63 | 37 07 | 772 | 9.76 | 119 | 30.5 | 122 | 35.7 | 51.9 3.7 86| 82 | 02 ] -09
MD 2 98 22 | 25 | 63 | 38 | 0.66 | 6.43 | 10.66 | 141 | 32.5 | 13.2 | 31.1 | 58.7 3.4 38| 25 | 05| -1.4
HD 1 2 22 | 30 | 69 | 39 |0.77| 802 [11.42| 150 | 329 | 13.1 | 26 67.2 5 131103 | 04 | 82
HD 3 7 22 | 24 | 63 | 39 |0.62]|12.06| 145 | 191 | 33.1 | 13.2| 202 | 67.6 8.6 29| 139 | 06 | 12
HD 1 9 22 | 26 | 63 | 37 0.7 | 696 | 13.24 | 168 | 30.9 | 12.7 | 51.6 | 37.8 4.4 22| 34 [ 05] 20
HD 1 12 22 | 24 | 69| 45 | 053 | 883 [11.83 | 154 (322 | 13 | 385 | 53.9 35 09| 24 |09 ]| -3.1
HD 1 17 22 1 29 | 70 | 41 |0.71| 6.62 | 13.64 | 168 | 30.5| 12.3 | 293 | 57.6 2.6 58| 42 | 05| -34
HD 3 19 22 | 30 | 68 | 38 | 0.79 | 14.27 [ 13.51 | 168 | 309 | 12.5 | 25.9 67 5.4 15111 | 03] -03
HD 3 27 22 | 25 | 58| 33 | 076 | 9.46 [ 1295 154 | 29 | 11.9 | 24.4 68 33 L1 19 | 1.3 ] 35
HD 3 30 22 | 27 | 70 | 43 |0.63| 934 [11.11 | 137 | 30.5| 123 | 272 | 62.9 3.1 250 37 |06 | -1.2
HD 1 42 22 | 29 | 70 | 41 |0.71 | 7.03 |11.94| 141 | 294 | 11.8 | 29.5 | 56.3 4.1 94| 88 | 05 1.8
HD 3 92 22 | 20 | 53| 33 |061]| 48 109 | 125 | 283 | 11.5 | 25.1 | 634 5.4 33123 |05 ] 57
HD 3 115 22 | 20 | 63 | 43 | 047 | 516 | 11.65| 157 | 348 | 13.5| 294 | 64.6 1.8 1.7 2.1 | 04 | -0.7
Control | 7 1 29 | 28 | 58 | 30 | 093 | 487 [10.82 | 124 | 29.2 | 11.5| 44 48.9 3.7 06| 2 0.7 | -3.8
Control | 8 3 29 | 33 | 59| 26 | 127 637 [11.63| 143 | 30.8 | 12.3 | 349 | 594 2.9 03| 22 03] 24
Control | 7 10 29 | 33 | 62| 29 |1.14| 52 [10.04 | 135 | 33 | 13.4 | 29.1 | 60.9 8.5 021 09 [05] 1.7
Control | 8 11 29 | 36 | 66 | 30 1.2 | 509 | 11.2 | 145 | 33.1 | 129 | 248 | 69.9 2.4 02| 26 |01 ] 67
Control | 7 14 29 | 36 | 71 35 | 1.03 | 5.61 [11.72| 140 | 30.5 | 11.9 | 29.6 | 65.4 2.7 02| 19 [02] 72
Control | 7 15 29 | 36 | 62 | 26 | 138 7.03 [12.81 | 157 |31.4| 123 | 182 | 743 5.6 02| 1.5 [ 03] 96
Control | 8 18 29 | 31 | 69 | 38 | 082 625 1031 129 | 319 | 12.5| 30.6 | 61.8 4.5 01| 27 [02] 63
Control | 8 21 29 | 36 | 63 | 27 | 133|906 | 942 | 116 | 309 | 123 | 31.3 | 648 2.3 02| 1.3 |01 33
Control | 7 24 29 | 34 | 63 | 29 | 1.17| 836 |10.67 | 133 | 31.5| 12.5 | 27.5 66 4 01| 22 [02] 53
Control | 8 26 29 | 34 | 59| 26 | 136 723 [12.04 | 142 | 29.1 | 11.8 | 29.6 | 64.2 4.6 02| 1.3 [ 03] 68
Control | 7 47 29 | 31 | 56 | 25 | 124 3.5 | 952 | 137 [ 359 | 144 | 11 77.6 7.2 03| 34 [ 05] 35
Control | 8 61 29 | 40 | 72| 32 | 125]| 566 | 11.3 | 164 | 357 | 145 | 33 55.6 9 03| 19 [02] 27
LD 5 5 29 | 29 | 60 | 31 | 094 | 875 [ 11.09 | 145 | 32.7 | 13.1 | 21 71.2 3.1 1.6 2.8 | 03 | 47
LD 5 6 29 | 23 | 55| 32 | 072 675 | 8.64 | 107 | 31.6 | 124 | 174 | 68.1 4.6 55139 |05 47
LD 5 13 29 | 31 | 68 | 37 | 084 | 698 [11.86 | 140 | 29.7 | 11.8 | 30.7 | 59.9 3.1 26| 32 | 04| 09
LD 5 20 29 | 35|65 | 30 |1.17| 6.44 | 11.1 | 138 | 319 | 124 | 30 60 33 21| 42 | 04 | 25
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Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbc | Rbc | Hgb | Mcv | Mch | Neut | Lymph | Mono |Eosi| Baso | Luc | Pep
LD 6 22 29 | 32 | 66 | 34 [094 1033|1193 | 139 | 29.7 | 11.7 | 245 | 63.5 4.1 28| 48 | 02 | 44
LD 6 23 29 | 34 | 63| 29 [ 117 | 6.1 |11.23] 126 | 28 | 11.2 | 172 | 673 2.8 85| 3.6 | 0.6 | 4.1
LD 5 38 29 | 34 | 77| 43 | 079 | 699 | 1326 | 153 | 288 | 11.5| 262 | 59.6 5.1 571 31 [ 02| 34
LD 6 53 29 | 31 | 69| 38 | 082 7.97 | 1095 151 | 35 13 | 18.7 | 70.7 35 69| 57 [ 03| 61
LD 6 56 29 | 30 | 61 31 1097 | 786 | 1236 | 162 | 32.6 | 13.1 | 35.1 | 523 4.3 42| 36 | 05| -1.6
LD 6 68 29 | 32 | 76 | 44 [0.73 | 9.63 1082 | 136 | 32.7 | 12.6 | 21.9 | 69.2 4.1 45| 54 | 04 | 1.7
LD 5 104 29 | 31 | 68 | 37 [0.84| 556 [14.06| 172 | 30.1 | 122 | 21 70.9 2.4 391 1.1 | 0.6 | 40
MD 4 4 29 | 24 | 69 | 45 [0.53 | 4.66 1569 | 180 | 282 | 11.5 | 18.8 | 71.8 6.5 191 52 | 1.9 | -6.1
MD 2 8 29 [ 23 | 59| 36 [0.64| 6.89 1432 170 | 30.1 | 11.9 | 38.5 52 3.6 18] 35 [ 06 | 14
MD 4 16 29 | 27 | 69 | 42 [0.64 | 7.89 |13.47| 164 | 30.6 | 12.2 | 33.1 59 1.8 41| 1.8 | 04 | 46
MD 4 25 29 | 25 | 54| 31 [074| 7.7 [11.56| 151 | 33.2 | 13.1 | 21.6 | 69.7 4.9 131 16 [ 09| 77
MD 4 28 29 | 31 | 68 | 37 [0.84 | 9.51 | 13.6 | 166 | 30.2 | 12.2 | 26.5 | 63.6 3.7 21| 38 | 04 | 6.0
MD 2 29 29 | 23 | 58 | 35 [0.66 | 891 | 11.4 | 134 | 31.6 | 11.8 | 26.7 | 60.9 3.6 591 23 |04 | 39
MD 4 39 29 | 26 | 70 | 44 [0.59 | 5.68 [11.69 | 166 | 353 | 142 | 17.1 | 68.7 6.5 741 51 | 04 | 10.0
MD 2 78 29 | 32 | 72| 40 0.8 | 4.61 | 13.51| 172 | 31.2 | 12.7 | 25.9 | 54.7 9.8 6 33 | 04| 73
MD 4 81 29 | 22 | 57 | 35 [0.63 | 5.11 99 | 122 | 303 | 12.3 | 36.8 | 56.1 2.6 08| 2.6 1 1.0
MD 2 88 29 [ 24 | 59| 35 [0.69 | 6.54 | 9.28 | 112 | 30.5 | 12.1 | 41.3 | 475 4.9 591 59 |03 1.5
MD 2 98 29 | 24 | 64 | 40 0.6 | 524 | 12.54 | 168 | 33.1 | 13.4 | 185 | 63.3 113 | 1.4 5 05 | 3.6
HD 1 2 29 | 28 | 67 | 39 [0.72 4.7
HD 3 7 29 18 | 46 | 28 | 0.64 2.7
HD 1 9 29 | 24 | 60 | 36 |0.67 22.0
HD 1 12 29 | 24 | 71 47 1051 4.6
HD 1 17 29 | 26 | 64 | 38 |0.68 2.9
HD 3 19 29 | 24 | 58 | 34 [0.71 0.9
HD 3 27 29 | 24 | 57 | 33 |0.73 8.8
HD 3 30 29 | 26 | 69 | 43 0.6 7.8
HD 1 42 29 | 25 | 59| 34 [0.74 -1.2
HD 3 92 29 18 | 48 | 30 0.6 4.8
HD 3 115 29 19 | 60 | 41 | 0.46 7.5
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Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbc | Rbc | Hgb | Mcv | Mch | Neut | Lymph | Mono |[Eosi| Baso | Luc | Pep
Control | 7 1 36 | 28 | 58 | 30 [093 | 529 |11.98| 138 | 29.6 | 11.5 | 38.2 | 56.4 3.1 06| 1.4 [ 03] 1.0
Control | 8 3 36 | 35 | 64 | 29 |[1.21| 524 | 11.68 | 150 | 32.1 | 12.8 | 36.9 | 58.1 1.7 041 27 |02 08
Control | 7 10 36 | 35 1 69 | 34 |[1.03| 528 | 11.73 | 166 | 349 | 14.1 | 30.5 65 3 02| 09 [ 04] 20
Control | 8 11 36 | 37 | 65 | 28 | 1.32| 4.19 | 1098 | 147 | 33.6 | 13.4 | 29.6 | 61.6 2.8 35022 [02] 17
Control | 7 14 36 | 38 | 75 | 37 [ 1.03| 5.14 | 12.63 | 153 | 30.7 | 12.1 | 33.1 | 60.8 2.8 04| 25 |05 -0.1
Control | 7 15 36 | 37 | 64 | 27 [ 1.37| 696 |13.34] 166 | 31.9 | 125 | 17.8 | 774 2.9 03| 1.4 | 01 1.6
Control | 8 18 36 | 33 | 66 | 33 1 583 | 9.81 | 126 | 31.7 | 12.9 | 353 | 59.3 2.8 02| 23 |01 ] 27
Control | 8 21 36 | 37 | 66 | 29 |[1.28 | 838 | 9.82 | 129 | 32.1 | 13 | 399 | 532 4.6 1.1 1 02 | 0.1
Control | 7 24 36 | 34 | 64 | 30 | 1.13 | 825 |[10.03| 129 | 31.9 | 12.8 | 29.6 | 64.9 2.6 03| 25 | 0.1 5.8
Control | 8 26 36 | 36 | 63 | 27 [ 133 6.82 | 1232 146 | 29.5 | 11.8 | 344 | 62.5 1.7 03| 08 | 03] 105
Control | 7 47 36 | 32 | 59| 27 [1.19| 324 | 93 135 | 357 | 145 | 102 | 79.9 5.5 06| 31 07| 1.7
Control | 8 61 36 | 41 | 73 | 32 [ 1.28| 522 |10.09| 143 | 353 | 142 | 37.9 | 555 4 03| 22 |01 ] 22

LD 5 5 36 | 24 | 51 27 | 089 | 574 | 9.89 | 128 | 31.9 | 129 | 13.5 | 78.9 32 1.1 2.8 | 05| 2.6
LD 5 6 36 | 21 | 50| 29 |072] 5.1 923 | 117 | 31 | 12.7| 73 80.3 3.4 51| 36 |02 ] 34
LD 5 13 36 | 26 | 58 | 32 | 081 596 [10.79 | 129 (292 | 12 | 159 | 752 7.3 121 9.1 | 03 | 09
LD 5 20 36 | 37 | 72| 35 | 1.06| 7.05 [ 11.69 | 151 | 32.8 | 12.9 | 289 | 66.9 32 08| 59 |01 ] 06
LD 6 22 36 | 34 | 68 | 34 1 10.11 | 1091 | 127 | 29 | 11.7 | 18.6 | 729 3.6 09| 38 | 02 ] 46
LD 6 23 36 | 34 | 65| 31 1.1 | 476 | 10.64 | 122 | 28.6 | 11.5| 12 71.7 43 56| 56 | 04| 6.7
LD 5 38 36 | 34 | 78 | 44 [0.77 | 6.54 | 13.13| 152 | 285 | 11.6 | 21.8 | 62.8 9.5 1.8 39 | 02 | -04
LD 6 53 36 | 32 | 70 | 38 [0.84 | 639 |11.53]| 162 | 35.6 | 14 | 147 | 769 32 5 65 102 48
LD 6 56 36 | 20 | 49 | 29 [0.69 | 498 | 13.06| 167 | 32.2 | 12.8 | 16 77.7 4.6 15152 (03] 71
LD 6 68 36 | 33 | 79| 46 | 072 9.74 [ 1025 132 | 333 | 12.8 | 24.1 | 674 7 12 72 | 03 | 63
LD 5 104 | 36 | 32 | 74| 42 |0.76 | 7.32 | 13.53 | 162 | 29.6 | 12 24 70.8 2.3 1.2 1.1 | 0.7 | 21
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2.2 Data- Faecal egg counts and Liveweight.

Treat= Treatment group, LD= Low dose, MD= Medium dose, HD= High dose, Pen=
Allocation of the deer on the pen, Anim= Identification number of the deer, Day= time

before and after beginning of trickle infection, FEC= Faecal egg count (eggs per gram),

LW= Live weight (Kg).

Treat Pen Anim Day Fec LW
Control 7 1 -14 0 29
Control 8 3 -14 0 36
Control 7 10 -14 0 48.5
Control 8 11 -14 0 40
Control 7 14 -14 0 43.5
Control 7 15 -14 0 39
Control 8 18 -14 0 46.5
Control 8 21 -14 0 37.5
Control 7 24 -14 0 50
Control 8 26 -14 0 42.5
Control 7 47 -14 0 33
Control 8 61 -14 0 35.5

LD 5 5 -14 0 46
LD 5 6 -14 0 34.5
LD 5 13 -14 0 39
LD 5 20 -14 0 43
LD 6 22 -14 0 48.5
LD 6 23 -14 0 50
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Treat Pen Anim Day Fec LW
LD 5 38 -14 0 42.5
LD 6 53 -14 0 37.5
LD 6 56 -14 0 32
LD 6 68 -14 0 36
LD 5 104 -14 0 40
MD 4 4 -14 0 48
MD 2 8 -14 0 35.5
MD 4 16 -14 0 43.5
MD 4 25 -14 0 335
MD 4 28 -14 0 42.5
MD 2 29 -14 0 49
MD 4 39 -14 0 39.5
MD 2 78 -14 0 36.5
MD 4 81 -14 0 30
MD 2 88 -14 0 38.5
MD 2 98 -14 0 40.5
HD 1 2 -14 0 43
HD 3 7 -14 0 35.5
HD 1 9 -14 0 34.5
HD 1 12 -14 0 40
HD 1 17 -14 0 48.5
HD 3 19 -14 0 49
HD 3 27 -14 0 44.5
HD 3 30 -14 0 39
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Treat Pen Anim Day Fec LW
HD 1 42 -14 0 37
HD 3 92 -14 0 41.5
HD 3 115 -14 0 31.5

Control 7 1 1 0 29
Control 8 3 1 0 38
Control 7 10 1 0 49.5
Control 8 11 1 0 40
Control 7 14 1 0 45
Control 7 15 1 0 39
Control 8 18 1 0 47.5
Control 8 21 1 0 39.5
Control 7 24 1 0 52
Control 8 26 1 0 48
Control 7 47 1 0 31.5
Control 8 61 1 0 37.5
LD 5 5 1 0 45
LD 5 6 1 0 36
LD 5 13 1 0 40.5
LD 5 20 1 0 45.5
LD 6 22 1 0 50
LD 6 23 1 0 52
LD 5 38 1 0 425
LD 6 53 1 0 38
LD 6 56 1 0 33.5
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Treat Pen Anim Day Fec LW
LD 6 68 1 0 38.5
LD 5 104 1 0 42
MD 4 4 1 0 50
MD 2 8 1 0 37.5
MD 4 16 1 0 455
MD 4 25 1 0 37
MD 4 28 1 0 46.5
MD 2 29 1 0 51
MD 4 39 1 0 40.5
MD 2 78 1 0 39.5
MD 4 81 1 0 31.5
MD 2 88 1 0 39.5
MD 2 98 1 0 41.5
HD 1 2 1 0 44
HD 3 7 1 0 36
HD 1 9 1 0 35.5
HD 1 12 1 0 41.5
HD 1 17 1 0 49.5
HD 3 19 1 0 50
HD 3 27 1 0 45
HD 3 30 1 0 42
HD 1 42 1 0 38.5
HD 3 92 1 0 40.5
HD 3 115 1 0 35
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Treat Pen Anim Day Fec LW
Control 7 1 8 0 28.5
Control 8 3 8 0 38
Control 7 10 8 0 51
Control 8 11 8 0 41
Control 7 14 8 0 47
Control 7 15 8 0 42
Control 8 18 8 0 49.5
Control 8 21 8 0 40
Control 7 24 8 0 53
Control 8 26 8 0 49
Control 7 47 8 0 31.5
Control 8 61 8 0 38

LD 5 5 8 0 45.5
LD 5 6 8 0 36
LD 5 13 8 0 39
LD 5 20 8 0 47
LD 6 22 8 0 51
LD 6 23 8 0 51
LD 5 38 8 0 45
LD 6 53 8 0 38.5
LD 6 56 8 0 34
LD 6 68 8 0 38
LD 5 104 8 0 42
MD 4 4 8 0 47.5
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Treat Pen Anim Day Fec LW
MD 2 8 8 0 36.5
MD 4 16 8 0 46
MD 4 25 8 0 36.5
MD 4 28 8 0 46
MD 2 29 8 0 50.5
MD 4 39 8 0 40.5
MD 2 78 8 0 38.5
MD 4 81 8 0 29.5
MD 2 88 8 0 38
MD 2 98 8 0 40
HD 1 2 8 0 44
HD 3 7 8 0 34
HD 1 9 8 0 34.5
HD 1 12 8 0 38.5
HD 1 17 8 0 48
HD 3 19 8 0 48.5
HD 3 27 8 0 43.5
HD 3 30 8 0 40.5
HD 1 42 8 0 37.5
HD 3 92 8 0 39.5
HD 3 115 8 0 34

Control 7 1 15 0 29.5
Control 8 3 15 0 39.5
Control 7 10 15 0 52.5
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Treat Pen Anim Day Fec LW
Control 8 11 15 0 42.5
Control 7 14 15 0 48.5
Control 7 15 15 0 43
Control 8 18 15 0 50.5
Control 8 21 15 0 41.5
Control 7 24 15 0 56.5
Control 8 26 15 0 51
Control 7 47 15 0 31.5
Control 8 61 15 0 39.5

LD 5 5 15 0 47
LD 5 6 15 0 35
LD 5 13 15 0 41
LD 5 20 15 0 49
LD 6 22 15 0 52
LD 6 23 15 0 53
LD 5 38 15 0 47.5
LD 6 53 15 0 40
LD 6 56 15 0 35
LD 6 68 15 0 40
LD 5 104 15 0 42
MD 4 4 15 0 48
MD 2 8 15 0 36.5
MD 4 16 15 0 46
MD 4 25 15 0 37.5
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Treat Pen Anim Day Fec LW
MD 4 28 15 0 47.5
MD 2 29 15 0 51.5
MD 4 39 15 0 41.5
MD 2 78 15 0 39.5
MD 4 81 15 0 29.5
MD 2 88 15 0 38
MD 2 98 15 0 40
HD 1 2 15 0 44.5
HD 3 7 15 0 35
HD 1 9 15 0 34.5
HD 1 12 15 0 39
HD 1 17 15 50 49
HD 3 19 15 0 49.5
HD 3 27 15 0 43.5
HD 3 30 15 0 42
HD 1 42 15 0 38.5
HD 3 92 15 0 40
HD 3 115 15 0 34

Control 7 1 22 0 29.5
Control 8 3 22 0 40.5
Control 7 10 22 0 53
Control 8 11 22 0 43
Control 7 14 22 0 49.5
Control 7 15 22 0 43.5
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Treat Pen Anim Day Fec LW
Control 8 18 22 0 50.5
Control 8 21 22 0 41.5
Control 7 24 22 0 56
Control 8 26 22 0 52.5
Control 7 47 22 0 31
Control 8 61 22 0 40

LD 5 5 22 0 45.5
LD 5 6 22 200 36
LD 5 13 22 50 41
LD 5 20 22 0 49
LD 6 22 22 50 53
LD 6 23 22 100 54.5
LD 5 38 22 50 48.5
LD 6 53 22 50 41.5
LD 6 56 22 250 34.5
LD 6 68 22 41.5
LD 5 104 22 50 44

MD 4 4 22 0 48.5

MD 2 8 22 50 35.5

MD 4 16 22 200 47

MD 4 25 22 100 39

MD 4 28 22 50 49.5

MD 2 29 22 300 50.5

MD 4 39 22 50 42.5
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Treat Pen Anim Day Fec LW
MD 2 78 22 50 40.5
MD 4 81 22 50 29.5
MD 2 88 22 200 37.5
MD 2 98 22 150 40
HD 1 2 22 44.5
HD 3 7 22 1050 335
HD 1 9 22 200 33.5
HD 1 12 22 250 38
HD 1 17 22 50 50.5
HD 3 19 22 250 48
HD 3 27 22 500 42.5
HD 3 30 22 43
HD 1 42 22 250 38.5
HD 3 92 22 750 39.5
HD 3 115 22 150 335

Control 7 1 29 0 29.5
Control 8 3 29 0 40.5
Control 7 10 29 0 53.5
Control 8 11 29 0 43.5
Control 7 14 29 0 49
Control 7 15 29 0 44.5
Control 8 18 29 0 49.5
Control 8 21 29 0 42
Control 7 24 29 0 57

180




Treat Pen Anim Day Fec LW
Control 8 26 29 0 52.5
Control 7 47 29 0 32
Control 8 61 29 0 41

LD 5 5 29 150 45.5
LD 5 6 29 300 35.5
LD 5 13 29 450 40
LD 5 20 29 100 49.5
LD 6 22 29 150 53
LD 6 23 29 150 55
LD 5 38 29 0 49
LD 6 53 29 50 41.5
LD 6 56 29 200 35
LD 6 68 29 50 41
LD 5 104 29 200 44.5
MD 4 4 29 150 45.5
MD 2 8 29 500 34
MD 4 16 29 150 46.5
MD 4 25 29 200 38.5
MD 4 28 29 150 49.5
MD 2 29 29 300 50
MD 4 39 29 100 42
MD 2 78 29 150 39.5
MD 4 81 29 28.5
MD 2 88 29 300 37.5
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Treat Pen Anim Day Fec LW
MD 2 98 29 800 37
HD 1 2 29 800
HD 3 7 29 2100
HD 1 9 29 500
HD 1 12 29 1350
HD 1 17 29 50
HD 3 19 29 1150
HD 3 27 29 1250
HD 3 30 29 300
HD 1 42 29 200
HD 3 92 29 1000
HD 3 115 29 350

Control 7 1 36 0 29
Control 8 3 36 40.5
Control 7 10 36 0 54
Control 8 11 36 0 43.5
Control 7 14 36 0 50.5
Control 7 15 36 0 44.5
Control 8 18 36 0 51
Control 8 21 36 0 43
Control 7 24 36 0 56
Control 8 26 36 0 52.5
Control 7 47 36 0 32.5
Control 8 61 36 0 41
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Treat Pen Anim Day Fec LW
LD 5 5 36 0 44
LD 5 6 36 500 35
LD 5 13 36 1600 38
LD 5 20 36 0 50
LD 6 22 36 400 53.5
LD 6 23 36 650 54
LD 5 38 36 150 49.5
LD 6 53 36 250 42
LD 6 56 36 350 32.5
LD 6 68 36 450 41.5
LD 5 104 36 300 44
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2.3 Data-Feed intake.

Treat= Treatment group, LD= Low dose, MD= Medium dose, HD= High dose, Pen=

Allocation of the deer on the pen, Anim= Identification number of the deer, Day n=

intake (kg/head/day) of the group of deer in the pen, before (Day 0) and after (Day 1-

38) beginning of trickle infection.

Treat | Pen Anim Day 0 | Day 1 | Day2 | Day3 | Day 4 | Day 5 | Day 6 | Day 7 | Day 8 | Day 9 [Day 10|Day 11 |Day 12|Day 13
Control | 7 |1,10,14,15,24,47 | 1.297 | 1.311 | 1.273 | 1.296 | 1.27 | 1.265 | 1.259 | 0.711 | 1.306 | 1.254 | 1.239 | 1.237 | 1.257 | 1.287
Control | 8 |3,11,18,21,26,61 | 1.510 | 1.52 | 1.468 | 1.504 | 1.481 | 1.413 | 1.395 | 0.787 | 1.443 | 1.483 | 1.525 | 1.51 | 1.499 | 1.535

LD 5 |5,6,13,20,38,104 | 1.470 | 1.457 | 1.423 | 1.454 | 1.348 | 1.361 | 1.358 | 0.749 | 1.387 | 1.276 | 1.331 | 1.225 | 1.272 | 1.314
LD 6 22,23,53,56,68 | 1.472 | 1.429 | 1.396 | 1.45 | 1.381 | 1.307 | 1.335 | 0.761 | 1.394 | 1.317 | 1.366 | 1.284 | 1.337 | 1.395
MD 2 8,29,78,88,98 | 1.378 | 1.23 | 1.181 | 1.25 | 1.186 | 1.141 | 1.17 | 0.67 | 1.138 | 1.025 | 1.133 | 0.924 | 1.042 | 1.028
MD 4 14,16,25,28,39,81 | 1.453 | 1.392 | 1.315 | 1.362 | 1.288 | 1.253 | 1.259 | 0.711 | 1.234 | 1.15 | 1.255 | 1.112 | 1.232 | 1.217
HD 1 2,9,12,17,42 1.443 | 1.342 | 1.213 | 1.217 | 0.924 | 1.007 | 1.026 | 0.67 | 1.035 | 1.038 | 1.055 | 0.952 | 1.062 | 0.981
HD 3 7,19,27,30,92,115| 1.411 | 1.247 | 1.118 | 1.135 | 1.109 | 1.089 | 1.124 | 0.634 | 1.045 | 1.023 | 1.014 | 0.912 | 0.978 | 0.951

Treat Pen Anim Day 14 | Day 15 | Day 16 | Day 17 | Day 18 | Day 19 | Day 20 | Day 21 | Day 22 | Day 23 | Day 24 | Day 25 | Day 26
Control 7 | 1,10,14,15,24,47 | 1.285 | 1.16 | 1.278 | 1.27 | 1.235 | 1.218 | 1.265 | 1.287 | 1.216 | 1.282 | 1.254 | 1.239 | 1.21
Control 8 |3,11,18,21,26,61 | 1.503 | 1.395 | 1.455 | 1.48 | 1.461 | 1.479 | 1.431 | 1.487 | 1.479 | 1.485 | 1.486 | 1.468 | 1.396

LD 5 |5,6,13,20,38,104 | 1.28 | 1.252 | 1.269 | 1.283 1.3 1.336 | 1.353 | 1.349 | 1.307 | 1.324 | 1.317 | 1.297 | 1.203
LD 6 22,23,53,56,68 | 1.364 | 1.249 | 1.349 | 1.354 | 1.305 | 1.362 | 1.326 | 1.35 1.32 | 1.321 | 1.352 | 1.251 | 1.193
MD 2 8,29,78,88,98 | 0.954 | 0.823 | 0.941 | 0.931 | 0.933 | 1.015 | 0.94 | 0.981 | 0.902 | 0.972 | 0.953 | 0.793 | 0.799
MD 4 14,16,25,28,39,81 | 1.176 | 1.072 | 1.222 | 1.226 | 1.202 | 1.254 | 1.217 | 1.274 | 1.233 | 1.224 | 1.24 | 1.111 | 1.051
HD 1 2,9,12,17,42 0.891 | 0.812 | 1.013 | 0.941 | 0.957 | 1.011 | 0.995 | 0.898 | 0.933 | 0.938 0.9 0.737 | 0.752
HD 3 7,19,27,30,92,115| 0.928 | 0.804 | 0.957 | 0.947 | 0.857 | 0.939 | 0.86 | 0.836 | 0.76 | 0.667 | 0.628 | 0.588 | 0.516
Treat Pen Anim Day 27 | Day 28 | Day 29 | Day 30 | Day 31 | Day 32 | Day 33 | Day 34 | Day 35 | Day 36 | Day 37 | Day 38
Control 7 1,10,14,15,24,47 | 1.238 | 1.266 | 1.133 | 1.203 | 1.244 | 1.247 | 1.208 1.26 1.265 | 1.206 | 1.256 | 1.155
Control 8 3,11,18,21,26,61 | 1.402 | 1.419 | 1.365 | 1.402 | 1.442 | 1.437 | 1.413 | 1.429 | 1.456 | 1.427 | 1.456 | 1.412
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LD 5,6,13,20,38,104 | 1.256 | 1.266 | 1.105 | 1.183 | 1.182 1.19 1.159 | 1.183 1.19 1.175 | 1.171 0.1
LD 22,23,53,56,68 1.263 | 1.277 | 1.216 | 1.103 | 1.284 1.19 1.093 | 1.195 | 1.157 | 1.188 | 1.189 0.12
MD 8,29,78,88,98 0.697 | 0.699 | 0.628 | 0.487

MD 4,16,25,28,39,81 | 1.035 | 0.974 | 0.891 | 0.927

HD 2,9,12,17,42 0.883

HD 7,19,27,30,92,115 | 0.504
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2.4 Data- Nematode counts by genus and species.

Treat= Treatment group, LD= Low dose, MD= Medium dose, HD= High dose, Anim=
Identification number of the deer, Oster= Ostertagia-type nematode, Spi=
Spiculopteragia spiculoptera, Asy= Spiculopteragia asymmetrica, Lep= Ostertagia
leptospicularis, Kol= Ostertagia kolchida, Circ= Teladorsagia circumcincta,

Haem= Haemonchus contortus, Trich Abo= Trichostrongylus spp. abomasum,
Larvae Abo= Larvae from the abomasum, Oeso= Oesophagostomum spp., Oven=
Oesophagostomum venulosum, Osik= Oesophagostomum sikae, Larvae LI= Larvae
from the large intestine, Trich SI= Trichostrongylus spp. from the small intestine,

Coop= Cooperia spp.

Anim Treat | Oster | Spi Asy Lep Kol Circ| Haem Trich Larvae Abo| Oeso | Oven Osik barvae | Trich Coop
Abo LI SI

5 LD | 1620 | 1114 354 101 51 0 40 0 140 760 | 760 0 740
6 LD | 3320 {1897 870 395 158 0 40 0 80 560 | 538 22 180 40 0
13 LD | 2620 {1310 721 524 66 O 60 0 120 460 | 460 0 220 40 0
20 LD | 2780 [1362 908 454 57 0 40 0 60 500 | 500 0 560

22 LD | 1700 | 944 315 378 63 0 0 0 80 280 | 280 O 360

23 LD | 2540 | 1575 660 254 0 51 | 120 20 160 700 | 700 0O 820

38 LD | 1820 [ 993 717 55 55 0 20 0 160 600 | 600 0 180

53 LD | 2640 {1373 739 422 106 O 60 0 20 950 | 939 11 780 0 0
56 LD | 2140 {1213 713 143 0 71 20 0 100 680 | 680 0 900 20 0
68 LD | 1480 [ 770 592 118 0 0 40 0 20 380 | 380 0 240 0

104 LD | 2600 | 1040 715 845 0 0 40 0 120 920 | 878 42 | 1040 20 20
4 MD | 5840 | 4555 818 467 0 0 60 0 860 740 | 687 53 | 1260 0 20
8 MD | 7160 | 4010 1432 1575 0 143 | 160 20 360 1800 | 1755 45 | 2300 0 0
16 MD | 6240 | 3744 1622 749 125 0 80 0 480 1420 | 1378 42 | 2300 40 0
25  MD | 5820 | 3492 1862 466 0 0 120 0 600 800 | 800 0 1740 200 0
28  MD | 5500 | 2750 1540 770 440 0 160 0 560 60 60 0 900 180 0
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Appendix 3 Supplementary information for Chapter 3.
Analysis of the pathogenicity and diagnosis of Gl nematode
infections in young farmed deer — Supplementary follow-up

study

1.1 Data- Blood parameters

Treat= Treatment Group, LrD= Lower dose, Cntr= Control, Pen= allocation of the deer
on the pen, Anim= Identification number of the deer, Day= time before and after
beginning of trickle infection, Alb= Albumin (g/l), TP= Total protein, Glob= Globulin
(g/1), Agr= Albumin to globulin ratio, Wbc= White blood cell count (x 10° cells/l),
Rbc= Red blood cell count (x 10° cells/l), Hgb= Haemoglobin (g/1), Pcv= Packed Cell
Volume, Neut= Neutrophils (x10° cells/l), Lymph= Lymphocytes (x10° cells/l),

Mono= Monocytes (x10° cells/l), Eosi= Eosinophils (x10° cell/l), Baso= Basophils
(x10° cell/)

, Pep= Pepsinogen (iU).

Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbc | Rbc | Hgb | Pcv | Neut | Lymph | Mono | Eosi | Baso | Pep
Cntr 4 3 -7 36 61 25| 1.44| 5.53| 11.08| 148| 0.38| 1.94 3.25/ 0.18] 0.03| 0.13] -0.3
Cntr 3 11 =71 38] 63 25| 1.52 4.6 10.71| 146/ 0.38| 1.27 3.04| 0.13] 0.02| 0.13 -1
Cntr 3 18 <71 39] 69 30 1.3 6.86] 10.99| 145| 037 1.92 4421 025 0.01] 024 -2.46
Cntr 4 21 -71 400 63 23| 1.74| 11.59| 11.08| 148| 0.39| 3.69 6.95| 0.68| 0.05| 0.19] 4.28
Cntr 3 26 =71 38] 60 22| 1.73| 6.52| 11.75| 147| 037 1.92 425/ 022 0.01] 0.11} -3.28
Cntr 4 61 ST 43] 71 28| 1.54| 4.68| 11.21| 163| 042 1.58 272 025 0.01| 0.11 0.9
LD 1 1 =71 30] 59 29| 1.03| 5.46| 12.82| 145| 0.38| 1.66 336/ 0.23| 0.12| 0.09] 2.18
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Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbe | Rbc | Hgb | Pcv | Neut | Lymph | Mono | Eosi | Baso | Pep

LD 2 10 -7 36| 63 27| 133 57| 11.24| 159 04| 1.36] 3.94| 025 0f 0.11f 1.55
LD 2 14 -7 391 69 30 1.3 5.61f 11.59] 143| 0.37| 1.59] 3.67| 0.18| 0.02| 0.14 3.6
LD 1 15 <71 40 64 24| 1.67 6.4| 13.21| 167| 0.44| 1.38| 438 043| 0.07[ 0.12| 3.78
LD 2 24 -7\ 38] 63 25| 1.52| 7.72| 10.44| 140| 0.37| 2.18] 4.98| 0.29| 0.02| 0.24| 5.49
LtD 1 47 -71 36 59 23| 1.57| 4.01| 10.22| 145| 0.39| 0.77| 291 0.2| 0.01] 0.12| -1.68
Cntr 4 3 1| 37| 63 26| 1.62| 596| 11.67| 161| 0.41| 1.84| 3.76| 0.15| 0.01| 0.19| -2.59
Cntr 3 11 1| 38/ 63 25| 1.56| 4.85| 10.71| 153 0.39| 1.74| 2.82| 0.14| 0.01| 0.12 1.5
Cntr 3 18 1| 40 69 29 143 6.8] 11.56| 158 04| 1.8 458 0.15| 0.01| 024| 2.14
Cntr 4 21 1| 40| o4 24| 1.65| 10.78| 11.03| 149| 0.39| 3.12 72| 025 0.02| 0.18] 2.59
Cntr 3 26 1l 39| 61 22| 1.73| 6.76| 12.22| 156/ 0.4| 1.83 4.57)  0.21| 0.02| 0.13] -6.13
Cntr 4 61 1| 43| 70 27| 14 49| 10.39| 154 0.39| 1.64| 297 0.17] 0.01| 0.11| 2.74
LD 1 1 1 27| 55 28 1.17| 4.13| 10.39] 119| 0.31] 1.79 1.87| 027| 0.12] 0.07| 4.44
LD 2 10 1| 36| 64 28| 1.14| 4.29| 11.53| 167 0.42| 1.33 2.64| 0.19] 0.03] 0.1| -1.94
LD 2 14 1| 38/ 69 311 1.26| 4.55| 11.2| 137| 036 1.49| 278 0.12| 0.04] 0.1| 4.14
LtD 1 15 1| 38| 64 26 1.28| 4.92| 13.07| 170| 0.44] 1.21 3.32 0.2| 0.06] 0.12| 3.34
LD 2 24 1| 37| 63 26| 1.55| 6.44| 10.55| 142 0.37| 191 4.06| 0.25| 0.06| 0.16] 2.19
LD 1 47 1| 37/ el 24| 1.56| 2.79| 10.07| 140 0.38| 0.63 1.92| 0.13| 0.02| 0.08| 0.82
Cntr 4 3 8| 34| 55 21 1.42| 5.58| 11.38] 156| 04| 1.68 3.5 0.18] 0.01| 0.2 249
Cntr 3 11 8| 39| o4 25| 1.52| 4.15| 10.26] 144| 0.38] 1.28 2.51| 0.19] 0.01| 0.15| -2.94
Cntr 3 18 8| 40| 68 28| 1.38| 5.39| 11.05| 148| 0.38| 1.46| 3.58| 0.16| 0.01| 0.17 1.3
Cntr 4 21 8| 38| 6l 23| 1.67| 11.16] 10.99| 149 0.39| 3.41 7.36| 0.17| 0.02| 0.19| 4.88
Cntr 3 26 8l 38| 60 221 1.77) 6.25| 11.67| 148| 0.38] 1.78] 4.13| 0.22| 0.01| 0.11| -4.44
Cntr 4 61 8| 42| 72 30( 1.59| 3.71| 10.96] 168| 0.43| 1.08] 237| 0.16] 0.01| 0.1| -2.64
LD 1 1 8l 27| 50 23| 0.96| 4.26| 11.09| 127/ 0.32| 1.4 248 0.15| 0.09| 0.14| 1.05
LD 2 10 8| 32| 60 28| 1.29| 5.19| 11.35| 162| 0.41 1.4 332 0.24| 0.13] 0.09| 9.07
LD 2 14 8 39| 70 31 1.23| 5.83| 12.33] 160| 0.4 1.73 3.46| 0.17| 021 0.25| -4.24
LD 1 15 8 37 66 29| 1.46| 6.18] 12.63| 165 0.43| 094 4.83| 0.18| 022| 038 2.84
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Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbe | Rbc | Hgb | Pev | Neut | Lymph | Mono | Eosi | Baso | Pep

LD 2 24 8| 34| 56 22| 1.42| 7.25| 1042 142| 037 1.99| 432| 048 0.16] 0.26] 4.83
LD 1 47 8] 39| 64 25| 1.54| 3.89| 9.77| 137| 036 0.68| 2.69| 0.21| 0.11| 0.18] -4.59
Cntr 4 3 15| 37| 63 26| 1.42| 6.01| 11.55| 170| 041 1.77 3.69| 0.38| 0.03] 0.15| 1.23
Cntr 3 11 15| 38| 64 26 1.46| 4.42| 10.14| 146 0.38| 1.34| 2.71| 0.25| 0.01f 0.11] -6.3
Cntr 3 18| 15| 39| 70 31| 1.26] 7.13| 11.17| 156 0.39| 2.54| 397| 042 0.01| 0.16] -0.05
Cntr 4 21 15| 41| 64 23| 1.78| 9.24| 10.8] 154| 0.38] 2.49 6.2 0.4| 0.02| 0.13] 3.37
Cntr 3 26| 15| 38| 62 24| 1.58| 5.96| 11.42| 148 0.38| 1.82 3.86| 0.17| 0.02| 0.09| -0.14
Cntr 4 61 15| 43| 71 28| 1.54| 3.93| 10.72| 172| 043 1.29| 236| 0.15| 0.01] 0.11] 3.51
LD 1 1 15| 27| 58 31| 0.87| 3.68| 11.1| 132 0.33] 1.03 2.19| 0.21| 0.11] 0.13] 9.81
LD 2 10 15| 34| 67 33| 1.03| 5.07| 10.79] 164| 04| 12 3.35] 0.14] 029 0.07| -7.2
LD 2 14/ 15 39| 79 40| 0.98 5.71| 11.42| 148| 0.37| 1.49 3.49 0.1 0.38] 0.22| -4.46
LD 1 151 15| 37| 68 31| 1.19| 6.14| 12.27| 164| 041| 1.09| 425 0.2| 0.34| 0.26] 0.85
LD 2 24| 15| 34| 64 30( 1.13| 8.36| 10.03] 141| 0.36] 1.92 5.11| 045 0.51| 0.36] -0.09
LD 1 47( 15| 38| 66 28| 1.36] 4.33| 9.91| 145| 0.37| 0.81 2.44| 0.25| 0.61] 02| 581
Cntr 4 3| 221 41| 64 23| 1.78| 5.04| 11.89| 176| 0.43| 1.59 3.13|  0.14] 0.02| 0.15| 042
Cntr 3 11y 22| 41| 65 24| 1.71| 438| 11.43| 169| 043| 12 293] 0.09| 0.05{ 0.1 0.14
Cntr 3 18] 22| 40| 69 29| 1.38| 7.57| 11.95| 170| 0.42| 3.09 3.53]  0.73] 0.01| 0.18] 0.89
Cntr 4 211 22| 43| 64 21| 2.05| 7.09| 10.56] 149 0.37| 2.72 3.63|  0.56] 0.02| 0.12| 037
Cntr 3 26| 22| 39| 60 21| 1.86| 6.67| 11.87| 159 04| 1.87| 4.51| 0.15] 0.04] 0.11] 1.82
Cntr 4 61| 22| 44| 68 24| 1.83| 4.31| 10.38] 165 041 1.32 2.6/ 027| 0.01] 0.1] 8.11
LD 1 1| 22| 28 56 28 1| 4.89] 10.95| 129| 0.33| 2.11 2.33|  0.19| 0.07| 0.19] 0.19
LD 2 10 22| 36| 65 29 1.24| 5.18| 10.48| 155| 0.38] 1.05 3.5] 0.23] 0.28 0.11| -0.37
LD 2 14 22| 38| 72 34| 1.12| 6.46| 10.39] 137| 0.34 1.5 4.04 0.22| 0.7] 032 -2.14
LD 1 15 22| 37| 68 31 1.19 59| 11.86] 160 0.4| 1.01 4.23| 0.19| 0.24] 024 -4.1
LD 2 24| 22| 36| 64 28 1.29| 7.11| 9.79| 143| 0.36] 1.75 4.48 0.2| 0.39| 0.28] 1.35
LD 1 47| 221 41| 66 25| 1.64| 4.07| 9.59 138] 035 0.7 296| 0.13] 0.28] 0.25| 13.37
Cntr 4 31 29| 41| 64 23| 1.78 54| 11.76] 176 0.43| 1.77 3.27| 0.15] 0.03| 0.16] 127
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Treat | Pen | Anim | Day | Alb | TP | Glob | Agr | Wbe | Rbc | Hgb | Pcv | Neut | Lymph | Mono | Eosi | Baso | Pep
Cntr 3 11y 29| 39| 62 23| 17| 438 9.93] 148| 0.37| 1.09| 3.04| 0.14| 0.01] 0.11| 3.75
Cntr 3 18| 29| 37| 67 30( 1.23] 8.09| 10.5] 152| 0.37| 3.43 4.04| 037| 0.05| 02| 1.74
Cntr 4 21 29| 42| 64 22| 1911 9.25| 10.6| 154| 0.38| 2.59] 5.88 0.6/ 0.02| 0.15| 7.19
Cntr 3 26| 29| 38| 59 211 1.81| 6.46| 11.29] 157| 0.38] 2.21 3.84 0.3| 0.01] 0.1] 6.98
Cntr 4 61| 29| 44| 71 27| 1.63| 3.87| 10.27| 170| 0.41 1 2.54| 0.18] 0.03| 0.12f 3.27
LD 1 1| 29| 26| 55 29| 0.9 370 9.95| 116| 0.29| 1.44 1.78| 0.24| 0.08] 0.16] 2.75
LD 2 10| 29| 34| 65 31 1.1 545| 10.55] 159| 0.39| 1.08 397\ 0.16] 0.14] 0.1] 491
LD 2 14 29| 37| 75 38| 0.97| 5.93| 11.09] 148| 036 1.27| 3.72| 0.16] 0.5] 0.26] 4.02
LD 1 150 291 37| 71 34| 1.09| 6.28 11.08] 153| 0.38| 0.88] 4.67| 022| 0.21| 029 491
LD 2 24| 29| 34| 64 30 1.13| 6.53| 9.12] 133 0.33] 1.6 4.18| 025 02| 03| 4.76
LD 1 47| 29| 40| 66 26| 1.54| 3.65| 10.96| 160/ 0.4| 0.58| 2.85| 0.16| 0.06] 0.23| 6.53
Cntr 4 3| 36| 41| 66 25| 1.64| 6.07| 11.39] 174| 0.41] 2.78] 2.53| 0.55| 0.01] 0.15
Cntr 3 11} 36| 40| o4 24| 1.67| 4.73| 10.31| 158 0.39| 1.35 3.09| 0.18] 0.01] 0.1
Cntr 3 18| 36| 36/ 68 32 1.13| 3.94| 10.62| 155| 0.38] 0.99| 229 0.5| 0.01] 0.13
Cntr 4 211 36] 39| 68 29 1.34| 8.36| 10.11] 149| 036 3.5 39| 0.76| 0.02| 0.12
Cntr 3 26| 36 39| ol 22| 1.77| 7.36| 11.67| 161| 0.39| 2.43 4.54] 0.25| 0.01] 0.11
Cntr 4 61| 36/ 40| 73 33| 1.21| 4.61| 1045 177| 043] 137 2.16] 0.88| 0.01| 0.1
LtD 1 1| 36| 24| 51 27| 0.89] 4.27| 11.14] 134| 0.34] 1.66| 2.19| 0.15] 0.16] 0.11
LtD 2 10| 36/ 34| 64 30( 1.13| 4.47| 10.11] 158| 0.37| 0.89] 3.28| 0.11| 0.13] 0.06
LD 2 14 36| 36| 71 35| 1.03| 5.65| 10.12] 134| 0.33] 14| 3.72| 0.09| 0.25| 0.18
LD 1 15 36| 39| 72 33| 1.18| 6.76| 11.41] 165 04| 1.64] 4.58| 029 0.09| 0.15
LD 2 24| 36| 32| 66 34| 0.94| 8.66 9.1 137/ 034 23| 485 1.19/ 0.02| 023
LD 1 471 36| 44| 71 27\ 1.63| 4.17| 11.28] 163| 0.41] 0.69| 3.15| 0.13| 0.02| 0.17

1.2 Data- Faecal egg counts and Liveweight

Treat= Treatment group, LrD= Lower dose, Cntr= Control, Pen= Allocation of the deer

on the pen, Anim= Identification number of the deer, Day= time before (-7) and after
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(1-36) beginning of trickle infection, FEC= Faecal egg count (eggs per gram), LW=

Live weight (Kg).

Treat Pen Anim Day LW FEC
Cntr 4 3 -7 43 0
Cntr 3 11 -7 46.5 0
Cntr 3 18 -7 54.5 0
Cntr 4 21 -7 45.5 0
Cntr 3 26 -7 55.5 0
Cntr 4 61 -7 42 0

LrD 1 1 -7 29 0
LrD 2 10 -7 56 0
LrD 2 14 -7 52 0
LrD 1 15 -7 45 0
LrD 2 24 -7 58.5 0
LrD 1 47 -7 34 0
Cntr 4 3 1 44.5 0
Cntr 3 11 1 47.5 0
Cntr 3 18 1 55.5 0
Cntr 4 21 1 47 0
Cntr 3 26 1 56.5 0
Cntr 4 61 1 43 0
LrD 1 1 1 29 0
LrD 2 10 1 56.5 0
LrD 2 14 1 53.5 0
LrD 1 15 1 46.5 0
LrD 2 24 1 59.5 0
LrD 1 47 1 34,5 0
Cntr 4 3 8 45.5 0
Cntr 3 11 8 48 0
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Treat Pen Anim Day LW FEC
Cntr 3 18 8 55 0
Cntr 4 21 8 48.5 0
Cntr 3 26 8 56 0
Cntr 4 61 8 435 0
LrD 1 1 8 29 0
LrD 2 10 8 57 0
LrD 2 14 8 54.5 0
LrD 1 15 8 47.5 0
LrD 2 24 8 60 0
LrD 1 47 8 35 0
Cntr 4 3 15 455 0
Cntr 3 11 15 49 0
Cntr 3 18 15 57 0
Cntr 4 21 15 48.5 0
Cntr 3 26 15 57.5 0
Cntr 4 61 15 44 0
LrD 1 1 15 28.5 0
LrD 2 10 15 58 0
LrD 2 14 15 54.5 0
LrD 1 15 15 48 0
LrD 2 24 15 61 0
LrD 1 47 15 36 0
Cntr 4 3 22 46.5 0
Cntr 3 11 22 50 0
Cntr 3 18 22 57.5 0
Cntr 4 21 22 50 0
Cntr 3 26 22 59 0
Cntr 4 61 22 43.5 0
LrD 1 1 22 28.5 100
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Treat Pen Anim Day LW FEC
LrD 2 10 22 58 0
LrD 2 14 22 55 0
LrD 1 15 22 47.5 0
LrD 2 24 22 62.5 0
LrD 1 47 22 36.5 0

Cntr 4 3 29 48 0
Cntr 3 11 29 50.5 0
Cntr 3 18 29 58 0
Cntr 4 21 29 50 0
Cntr 3 26 29 59.5 0
Cntr 4 61 29 46 0
LrD 1 1 29 28.5 0
LrD 2 10 29 59 0
LrD 2 14 29 55.5 0
LrD 1 15 29 48.5 0
LrD 2 24 29 62.5 0
LrD 1 47 29 37.5 50
Cntr 4 3 36 49.5 0
Cntr 3 11 36 51.5 0
Cntr 3 18 36 58.5 0
Cntr 4 21 36 51 0
Cntr 3 26 36 60 0
Cntr 4 61 36 46 0
LrD 1 1 36 28.5 250
LrD 2 10 36 60.5 50
LrD 2 14 36 56.5 50
LrD 1 15 36 49.5 0
LrD 2 24 36 62.5 150
LrD 1 47 36 38 100
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1.3 Data- Feed intake

Treat= Treatment group, LrD= Lower dose, Cntr= Control, Pen= Allocation of the deer

on the pen, Anim= Identification number of the deer, Day n= individual intake

(kg/head/day) of the group of deer in the pen, before (Day 0) and after (Day 1-42)

beginning of trickle infection.

Treat | Pen | Anim |Day 0|Day 1|Day 2|Day 3|Day 4|Day 5|Day 6|Day 7|Day 8 Day 9|Day 10(Day 11|Day 12|Day 13 |Day 14
Lrd | 1 |1,1547(0.956|1.055(1.052|1.019{0.928{0.962|0.962]0.889|1.001|1.009 | 1.022 | 0.994 | 0.978 | 0.999 | 1.003
Lrd | 2 |10,74,24(1.422|1.478| 1.53 |1.492(1.413|1.425|1.394|1.376| 1.45 |1.428| 1.31 | 1.452 | 1.324 | 1.38 | 1.345
Cntr | 3 (11,1826 1.51 |1.545|1.611| 1.58 |1.573|1.566(1.531|1.573|1.567|1.576| 1.583 | 1.578 | 1.538 | 1.549 | 1.458
Cntr | 4 |[3,21,611.266|1.373| 1.37 |1.368| 1.39 | 1.38 [1.403| 1.39 |1.424|1.436| 1.433 | 1.411 | 1.365 | 1.405 | 1.333
Trea | Pe Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day
t | n | Anim 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Lrd | 1 |1,15,47]0.986 | 0.913 0 0.938 | 1.014 | 1.039 | 0.965 | 1.018 | 1.104 | 1.117 | 1.134 | 1.115 | 1.067 | 1.047
10,74,2
Lrd | 2 4 1.394 | 1.268 | 1.325 | 1.333 | 1.441 | 1.422 | 1.076 | 1.377 | 1.434 | 1.409 | 1.407 | 1.423 | 1.406 | 1.21
11,18,2
Cntr| 3 6 1.504 | 1.349 | 1.508 | 1.461 | 1.602 | 1.578 | 1.236 | 1.52 | 1.592 | 1.607 | 1.562 | 1.594 | 1.57 | 1.394
Cntr| 4 321,61 | 1.362 | 1.3 | 1.439|1.264 | 1.441 | 1.406 | 1.327 | 1.38 | 1.415 | 1.423 | 1.392 | 1.389 | 1.347 | 1.365
Trea | Pe Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day
t | n | Anim 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Led | 1 |1,1547|1.076 | 1.04 | 1.087 | 1.035 | 0.98 | 1.117 | 0.93 | 1.145 | 1.059 | 1.05 | 1.069 | 1.045 | 1.028 | 0.948
10,74,2
Lrd | 2 4 1.326 | 1.421 | 1.426 | 1.334 | 1.367 | 1.496 | 1.352 | 1.415 | 1.265 | 1.374 | 1.355 | 1.375 | 1.465 | 1.35
11,18,2
Cntr| 3 6 1.493 | 1.431 | 1.489 | 1.325 | 1.303 | 1.573 | 1.273 | 1.446 | 1.401 | 1.478 | 1.448 | 1.536 | 1.546 | 1.341
Cntr| 4 [3,21,61 | 1.312 | 1.401 | 1.435 | 1.345 | 1.276 | 1.49 | 1.282 | 1.289 | 1.336 | 1.305 | 1.36 | 1.311 | 1.361 | 1.228
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1.4 Data- Nematode counts by genus and species

Treat= Treatment group, LrD= Lower dose, Anim= Identification number of the deer,

Oster= Ostertagia-type nematode, Spiculopteragia spiculoptera, Asy=

Ostertagia leptospicularis, Kol= Ostertagia

Spi=
Spiculopteragia asymmetrica, Lep=
kolchida,

Trich Abo= Trichostrongylus spp. abomasum, Larvaec Abo= Larvae from the

Circ= Teladorsagia circumcincta, Haem= Haemonchus contortus,

abomasum, Oeso= Oesophagostomum spp., Oven= Oesophagostomum venulosum,

Osik= Oesophagostomum sikae, Trich SI= Trichostrongylus spp. from the small

intestine, Coop= Cooperia spp.

Trich Trich
Anim Treat | Oster | Spi  Asy Lep Kol Circ | Haem Larvae Abo | Oeso | Oven Osik Coop
Abo SI
1 LD | 280 | 56 112 112 0 0 0 0 40 400 | 343 114 0 0
10 LD | 240 0 240 O 0 0 20 0 0 160 160 0 0 0
14 LD | 100 0 0 0 160 160 0 0 0
15 LD 80 0 40 40 0 0 0 0 0 180 180 0 0 0
24 LD | 420 | 23 140 47 0 0 0 0 40 220 | 220 0 0 0
47 LtD | 160 | 40 120 0 0 0 0 0 0 400 | 338 62 0 0
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Appendix 4 Supplementary information for Chapter 4.
Identification and distribution of gastrointestinal

nematodes on red deer in New Zealand

4.1 Data- ldentification of larvae spp. by farm, island, region, animal host
spp. and season

Anim host spp.= Animal host species, DS= farms that graze deer and sheep, DC= farm
that graze deer and cattle, D= farms that only have deer, DSC= farm that graze deer,

sheep and cattle, GIN spp.= Gastrointestinal nematode species.

Farm Code Island Region Anim host spp. GIN spp. Season
J158 south Canterbury DS Spring
J158 south Canterbury DS O. venulosum Spring
J158 south Canterbury DS S. asymmetrica Spring
J158 south Canterbury DS S. asymmetrica Spring
J158 south Canterbury DS O. venulosum Spring
J158 south Canterbury DS O. venulosum Spring
J158 south Canterbury DS O. venulosum Spring
J158 south Canterbury DS O. venulosum Spring
J158 south Canterbury DS O. venulosum Spring
J158 south Canterbury DS O. venulosum Spring
J158 south Canterbury DS S. asymmetrica Spring
J158 south Canterbury DS O. venulosum Spring
J158 south Canterbury DS O. venulosum Spring
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Farm Code Island Region Anim host spp. GIN spp. Season
J158 south Canterbury DS Spring
J158 south Canterbury DS O. venulosum Spring
J158 south Canterbury DS O. venulosum Spring
J158 south Canterbury DS Spring
J158 south Canterbury DS Spring
J158 south Canterbury DS Spring
J158 south Canterbury DS Spring
J158 south Canterbury DS Spring
J158 south Canterbury DS Spring
J158 south Canterbury DS Spring
J158 south Canterbury DS S. asymmetrica Spring
JOO5 north Manawatu-Wanganui DSC O. venulosum Winter
JOOS north Manawatu-Wanganui DSC O. venulosum Winter
JOOS north Manawatu-Wanganui DSC O. venulosum Winter
JO05 north Manawatu-Wanganui DSC O. venulosum Winter
JOO5 north Manawatu-Wanganui DSC O. venulosum Winter
JO05 north Manawatu-Wanganui DSC O. venulosum Winter
J0O05 north Manawatu-Wanganui DSC O. venulosum Winter
JOOS5 north Manawatu-Wanganui DSC Winter
JOOS north Manawatu-Wanganui DSC O. venulosum Winter
JOO5 north Manawatu-Wanganui DSC O. venulosum Winter
JOOS north Manawatu-Wanganui DSC O. venulosum Winter
JOO5 north Manawatu-Wanganui DSC O. venulosum Winter
JO05 north Manawatu-Wanganui DSC Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
JOOS5 north Manawatu-Wanganui DSC O. venulosum Winter
JOOS5 north Manawatu-Wanganui DSC Winter
JOOS north Manawatu-Wanganui DSC Winter
JOO5 north Manawatu-Wanganui DSC O. venulosum Winter
JOOS5 north Manawatu-Wanganui DSC O. venulosum Winter
JO05 north Manawatu-Wanganui DSC O. venulosum Winter
JO05 north Manawatu-Wanganui DSC O. venulosum Winter
JOOS5 north Manawatu-Wanganui DSC Winter
JO05 north Manawatu-Wanganui DSC O. venulosum Winter
JOO5 north Manawatu-Wanganui DSC S. asymmetrica Winter
JOO5 north Manawatu-Wanganui DSC O. venulosum Winter
Jo11 north Manawatu-Wanganui DC O. venulosum Winter
Jo11 north Manawatu-Wanganui DC O. venulosum Winter
Jo11 north Manawatu-Wanganui DC O. venulosum Winter
Jo11 north Manawatu-Wanganui DC O. venulosum Winter
Jo11 north Manawatu-Wanganui DC T. askivali Winter
Jo11 north Manawatu-Wanganui DC O. venulosum Winter
Jo11 north Manawatu-Wanganui DC O. venulosum Winter
Jo11 north Manawatu-Wanganui DC O. venulosum Winter
Jo11 north Manawatu-Wanganui DC O. venulosum Winter
Jo11 north Manawatu-Wanganui DC T. axei Winter
Jo11 north Manawatu-Wanganui DC T. axei Winter
Jo11 north Manawatu-Wanganui DC Winter
Jo11 north Manawatu-Wanganui DC Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
Jo11 north Manawatu-Wanganui DC . axei Winter
Jo11 north Manawatu-Wanganui DC Winter
Jo11 north Manawatu-Wanganui DC . axei Winter
JO11 north Manawatu-Wanganui DC . axei Winter
Jo11 north Manawatu-Wanganui DC . axei Winter
JO11 north Manawatu-Wanganui DC . axei Winter
Jo11 north Manawatu-Wanganui DC . askivali Winter
Jo11 north Manawatu-Wanganui DC . axei Winter
Jo11 north Manawatu-Wanganui DC . axei Winter
Jo11 north Manawatu-Wanganui DC . axei Winter
Jo11 north Manawatu-Wanganui DC . axei Winter
J021 north Manawatu-Wanganui D . leptospicularis Winter
Jo21 north Manawatu-Wanganui D Winter
J021 north Manawatu-Wanganui D . leptospicularis Winter
J021 north Manawatu-Wanganui D . leptospicularis Winter
J021 north Manawatu-Wanganui D . leptospicularis Winter
J021 north Manawatu-Wanganui D . sikae Winter
J021 north Manawatu-Wanganui D . leptospicularis Winter
J021 north Manawatu-Wanganui D . venulosum Winter
Jo21 north Manawatu-Wanganui D Winter
JO21 north Manawatu-Wanganui D Winter
JO21 north Manawatu-Wanganui D . leptospicularis Winter
Jo21 north Manawatu-Wanganui D Winter
J021 north Manawatu-Wanganui D . leptospicularis Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
Jo21 north Manawatu-Wanganui D S. asymmetrica Winter
Jo21 north Manawatu-Wanganui D S. asymmetrica Winter
Jo21 north Manawatu-Wanganui D Winter
JO21 north Manawatu-Wanganui D S. asymmetrica Winter
Jo21 north Manawatu-Wanganui D S. asymmetrica Winter
JO21 north Manawatu-Wanganui D C. oncophora Winter
Jo21 north Manawatu-Wanganui D Winter
JO21 north Manawatu-Wanganui D S. asymmetrica Winter
J021 north Manawatu-Wanganui D O. leptospicularis Winter
Jo21 north Manawatu-Wanganui D O. leptospicularis Winter
Jo21 north Manawatu-Wanganui D O. leptospicularis Winter
J030 north Waikato DSC T. askivali Winter
J030 north Waikato DSC C. oncophora Winter
JO30 north Waikato DSC Winter
JO30 north Waikato DSC T. askivali Winter
JO30 north Waikato DSC Winter
JO30 north Waikato DSC Winter
J030 north Waikato DSC Winter
J030 north Waikato DSC C. oncophora Winter
Jo30 north Waikato DSC Winter
JO30 north Waikato DSC Winter
JO30 north Waikato DSC C. oncophora Winter
J030 north Waikato DSC Winter
JO30 north Waikato DSC Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
JO30 north Waikato DSC Winter
J030 north Waikato DSC Winter
J030 north Waikato DSC C. oncophora Winter
J030 north Waikato DSC T. vitrinus Winter
JO30 north Waikato DSC T. vitrinus Winter
J030 north Waikato DSC T. askivali Winter
J030 north Waikato DSC T. vitrinus Winter
JO30 north Waikato DSC Winter
J030 north Waikato DSC T. vitrinus Winter
J030 north Waikato DSC T. vitrinus Winter
J030 north Waikato DSC T. vitrinus Winter
JO36 north Manawatu-Wanganui D O. venulosum Winter
Jo36 north Manawatu-Wanganui D O. venulosum Winter
JO36 north Manawatu-Wanganui D O. venulosum Winter
JO36 north Manawatu-Wanganui D O. venulosum Winter
JO36 north Manawatu-Wanganui D O. venulosum Winter
JO36 north Manawatu-Wanganui D O. venulosum Winter
J036 north Manawatu-Wanganui D O. venulosum Winter
J036 north Manawatu-Wanganui D O. venulosum Winter
J036 north Manawatu-Wanganui D T. askivali Winter
J036 north Manawatu-Wanganui D O. venulosum Winter
Jo36 north Manawatu-Wanganui D O. venulosum Winter
J036 north Manawatu-Wanganui D O. venulosum Winter
JO36 north Manawatu-Wanganui D O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
Jo36 north Manawatu-Wanganui D O. venulosum Winter
JO36 north Manawatu-Wanganui D O. venulosum Winter
Jo36 north Manawatu-Wanganui D Winter
JO36 north Manawatu-Wanganui D O. venulosum Winter
Jo36 north Manawatu-Wanganui D O. venulosum Winter
JO36 north Manawatu-Wanganui D Winter
J036 north Manawatu-Wanganui D O. venulosum Winter
JO36 north Manawatu-Wanganui D O. venulosum Winter
J036 north Manawatu-Wanganui D O. venulosum Winter
Jo36 north Manawatu-Wanganui D O. venulosum Winter
Jo36 north Manawatu-Wanganui D O. venulosum Winter
Jo37 north Manawatu-Wanganui DSC T. askivali Winter
J037 north Manawatu-Wanganui DSC O. leptospicularis Winter
Jo37 north Manawatu-Wanganui DSC C. oncophora Winter
J037 north Manawatu-Wanganui DSC T. askivali Winter
JO37 north Manawatu-Wanganui DSC Winter
Jo37 north Manawatu-Wanganui DSC Winter
J037 north Manawatu-Wanganui DSC O. leptospicularis Winter
J037 north Manawatu-Wanganui DSC O. leptospicularis Winter
JO37 north Manawatu-Wanganui DSC Winter
JO37 north Manawatu-Wanganui DSC Winter
JO37 north Manawatu-Wanganui DSC Winter
JO37 north Manawatu-Wanganui DSC S. asymmetrica Winter
J037 north Manawatu-Wanganui DSC O. leptospicularis Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
Jo37 north Manawatu-Wanganui DSC Winter
JO37 north Manawatu-Wanganui DSC Winter
JO37 north Manawatu-Wanganui DSC O. leptospicularis Winter
J037 north Manawatu-Wanganui DSC T. colubriformis Winter
J037 north Manawatu-Wanganui DSC S. asymmetrica Winter
JO37 north Manawatu-Wanganui DSC Winter
JO37 north Manawatu-Wanganui DSC Winter
JO37 north Manawatu-Wanganui DSC T. axei Winter
J037 north Manawatu-Wanganui DSC O. leptospicularis Winter
J037 north Manawatu-Wanganui DSC T. circumcincta Winter
Jo37 north Manawatu-Wanganui DSC Winter
Jo46 north Hawkes Bay DC O. venulosum Winter
J046 north Hawkes Bay DC S. asymmetrica Winter
J046 north Hawkes Bay DC C. oncophora Winter
J046 north Hawkes Bay DC O. venulosum Winter
J046 north Hawkes Bay DC O. venulosum Winter
J046 north Hawkes Bay DC O. venulosum Winter
J046 north Hawkes Bay DC O. venulosum Winter
J046 north Hawkes Bay DC O. venulosum Winter
J046 north Hawkes Bay DC O. venulosum Winter
JO46 north Hawkes Bay DC Winter
J046 north Hawkes Bay DC O. venulosum Winter
J046 north Hawkes Bay DC O. venulosum Winter
Jo46 north Hawkes Bay DC O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J046 north Hawkes Bay DC O. venulosum Winter
Jo46 north Hawkes Bay DC Winter
J046 north Hawkes Bay DC C. oncophora Winter
J046 north Hawkes Bay DC O. venulosum Winter
J046 north Hawkes Bay DC O. venulosum Winter
J046 north Hawkes Bay DC O. venulosum Winter
J046 north Hawkes Bay DC O. venulosum Winter
J046 north Hawkes Bay DC O. venulosum Winter
Jo46 north Hawkes Bay DC C. oncophora Winter
J046 north Hawkes Bay DC O. venulosum Winter
J046 north Hawkes Bay DC O. venulosum Winter
J062 north Manawatu-Wanganui DSC S. asymmetrica Winter
Jo62 north Manawatu-Wanganui DSC Winter
J062 north Manawatu-Wanganui DSC Winter
Jo62 north Manawatu-Wanganui DSC Winter
J062 north Manawatu-Wanganui DSC Winter
J062 north Manawatu-Wanganui DSC Winter
J062 north Manawatu-Wanganui DSC O. venulosum Winter
J062 north Manawatu-Wanganui DSC Winter
J062 north Manawatu-Wanganui DSC Winter
J062 north Manawatu-Wanganui DSC Winter
J062 north Manawatu-Wanganui DSC O. venulosum Winter
J062 north Manawatu-Wanganui DSC O. venulosum Winter
J062 north Manawatu-Wanganui DSC O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J062 north Manawatu-Wanganui DSC O. venulosum Winter
J062 north Manawatu-Wanganui DSC O. venulosum Winter
J062 north Manawatu-Wanganui DSC Winter
J062 north Manawatu-Wanganui DSC T. vitrinus Winter
J062 north Manawatu-Wanganui DSC O. venulosum Winter
J062 north Manawatu-Wanganui DSC O. venulosum Winter
J062 north Manawatu-Wanganui DSC O. venulosum Winter
J062 north Manawatu-Wanganui DSC O. venulosum Winter
Jo62 north Manawatu-Wanganui DSC S. asymmetrica Winter
J062 north Manawatu-Wanganui DSC O. venulosum Winter
J062 north Manawatu-Wanganui DSC O. venulosum Winter
J074 north Manawatu-Wanganui DSC S. asymmetrica Winter
Jo74 north Manawatu-Wanganui DSC S. asymmetrica Winter
J074 north Manawatu-Wanganui DSC S. asymmetrica Winter
JO74 north Manawatu-Wanganui DSC S. asymmetrica Winter
J074 north Manawatu-Wanganui DSC S. asymmetrica Winter
JO74 north Manawatu-Wanganui DSC S. asymmetrica Winter
J074 north Manawatu-Wanganui DSC S. spiculoptera Winter
JO74 north Manawatu-Wanganui DSC T. askivali Winter
J074 north Manawatu-Wanganui DSC T. vitrinus Winter
JO74 north Manawatu-Wanganui DSC O. venulosum Winter
JO74 north Manawatu-Wanganui DSC S. spiculoptera Winter
JO74 north Manawatu-Wanganui DSC T. vitrinus Winter
J074 north Manawatu-Wanganui DSC S. spiculoptera Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
JO74 north Manawatu-Wanganui DSC T. axel Winter
JO74 north Manawatu-Wanganui DSC O. venulosum Winter
JO74 north Manawatu-Wanganui DSC Winter
JO74 north Manawatu-Wanganui DSC O. venulosum Winter
JO74 north Manawatu-Wanganui DSC T. axei Winter
JO74 north Manawatu-Wanganui DSC S. asymmetrica Winter
J074 north Manawatu-Wanganui DSC O. venulosum Winter
JO74 north Manawatu-Wanganui DSC O. venulosum Winter
Jo74 north Manawatu-Wanganui DSC S. asymmetrica Winter
JO74 north Manawatu-Wanganui DSC O. venulosum Winter
JO74 north Manawatu-Wanganui DSC T. axei Winter
J092 north Manawatu-Wanganui DS T. axei Winter
J092 north Manawatu-Wanganui DS T. axel Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS S. asymmetrica Winter
J092 north Manawatu-Wanganui DS S. asymmetrica Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS S. asymmetrica Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS S. asymmetrica Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS C. oncophora Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J092 north Manawatu-Wanganui DS O. venulosum Winter
J100 north Hawkes Bay DC T. axei Winter
J100 north Hawkes Bay DC O. venulosum Winter
J100 north Hawkes Bay DC T. axei Winter
J100 north Hawkes Bay DC O. venulosum Winter
J100 north Hawkes Bay DC S. spiculoptera Winter
J100 north Hawkes Bay DC O. venulosum Winter
J100 north Hawkes Bay DC S. spiculoptera Winter
J100 north Hawkes Bay DC O. venulosum Winter
J100 north Hawkes Bay DC O. venulosum Winter
J100 north Hawkes Bay DC S. spiculoptera Winter
J100 north Hawkes Bay DC O. venulosum Winter
J100 north Hawkes Bay DC S. asymmetrica Winter
J100 north Hawkes Bay DC T. axei Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J100 north Hawkes Bay DC O. venulosum Winter
J100 north Hawkes Bay DC T. axei Winter
J100 north Hawkes Bay DC O. venulosum Winter
J100 north Hawkes Bay DC S. spiculoptera Winter
J100 north Hawkes Bay DC S. spiculoptera Winter
J100 north Hawkes Bay DC O. venulosum Winter
J100 north Hawkes Bay DC O. venulosum Winter
J100 north Hawkes Bay DC O. venulosum Winter
J100 north Hawkes Bay DC O. venulosum Winter
J100 north Hawkes Bay DC O. venulosum Winter
J100 north Hawkes Bay DC O. venulosum Winter
J114 north Manawatu-Wanganui DSC O. venulosum Winter
J114 north Manawatu-Wanganui DSC O. venulosum Winter
J114 north Manawatu-Wanganui DSC S. spiculoptera Winter
J114 north Manawatu-Wanganui DSC S. asymmetrica Winter
J114 north Manawatu-Wanganui DSC S. asymmetrica Winter
J114 north Manawatu-Wanganui DSC O. venulosum Winter
J114 north Manawatu-Wanganui DSC Winter
J114 north Manawatu-Wanganui DSC T. colubriformis Winter
J114 north Manawatu-Wanganui DSC S. asymmetrica Winter
J114 north Manawatu-Wanganui DSC S. asymmetrica Winter
J114 north Manawatu-Wanganui DSC S. asymmetrica Winter
J114 north Manawatu-Wanganui DSC O. venulosum Winter
J114 north Manawatu-Wanganui DSC O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J114 north Manawatu-Wanganui DSC . asymmetrica Winter
114 north Manawatu-Wanganui DSC . Spiculoptera Winter
J114 north Manawatu-Wanganui DSC . asymmetrica Winter
J114 north Manawatu-Wanganui DSC Winter
J114 north Manawatu-Wanganui DSC . asymmetrica Winter
J114 north Manawatu-Wanganui DSC . asymmetrica Winter
114 north Manawatu-Wanganui DSC . asymmetrica Winter
J114 north Manawatu-Wanganui DSC . venulosum Winter
114 north Manawatu-Wanganui DSC . asymmetrica Winter
J114 north Manawatu-Wanganui DSC . venulosum Winter
J114 north Manawatu-Wanganui DSC . asymmetrica Winter
J167 north Hawkes Bay DSC . asymmetrica Spring
J167 north Hawkes Bay DSC . spiculoptera Spring
J167 north Hawkes Bay DSC . asymmetrica Spring
J167 north Hawkes Bay DSC . axei Spring
J167 north Hawkes Bay DSC . asymmetrica Spring
J167 north Hawkes Bay DSC . spiculoptera Spring
J167 north Hawkes Bay DSC . spiculoptera Spring
J167 north Hawkes Bay DSC . asymmetrica Spring
J167 north Hawkes Bay DSC . axei Spring
J167 north Hawkes Bay DSC . asymmetrica Spring
J167 north Hawkes Bay DSC . asymmetrica Spring
J167 north Hawkes Bay DSC . spiculoptera Spring
J167 north Hawkes Bay DSC . asymmetrica Spring
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Farm Code Island Region Anim host spp. GIN spp. Season
J167 north Hawkes Bay DSC S. asymmetrica Spring
J167 north Hawkes Bay DSC T. axei Spring
J167 north Hawkes Bay DSC O. leptospicularis Spring
J167 north Hawkes Bay DSC S. spiculoptera Spring
J167 north Hawkes Bay DSC O. leptospicularis Spring
J167 north Hawkes Bay DSC S. asymmetrica Spring
J167 north Hawkes Bay DSC S. asymmetrica Spring
J167 north Hawkes Bay DSC S. spiculoptera Spring
J167 north Hawkes Bay DSC T. vitrinus Spring
J167 north Hawkes Bay DSC S. spiculoptera Spring
J167 north Hawkes Bay DSC O. leptospicularis Spring
J168 north Hawkes Bay D S. spiculoptera Spring
J168 north Hawkes Bay D S. spiculoptera Spring
J168 north Hawkes Bay D S. spiculoptera Spring
J168 north Hawkes Bay D S. spiculoptera Spring
J168 north Hawkes Bay D T. circumcincta Spring
J168 north Hawkes Bay D Spring
J168 north Hawkes Bay D C. oncophora Spring
J168 north Hawkes Bay D Spring
J168 north Hawkes Bay D S. asymmetrica Spring
J168 north Hawkes Bay D O. venulosum Spring
J168 north Hawkes Bay D C. oncophora Spring
J168 north Hawkes Bay D S. spiculoptera Spring
J168 north Hawkes Bay D S. spiculoptera Spring
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Farm Code Island Region Anim host spp. GIN spp. Season
J168 north Hawkes Bay D S. spiculoptera Spring
J168 north Hawkes Bay D C. oncophora Spring
J168 north Hawkes Bay D O. venulosum Spring
J168 north Hawkes Bay D O. venulosum Spring
J168 north Hawkes Bay D S. spiculoptera Spring
J168 north Hawkes Bay D T. vitrinus Spring
J168 north Hawkes Bay D O. venulosum Spring
J168 north Hawkes Bay D S. spiculoptera Spring
J168 north Hawkes Bay D S. spiculoptera Spring
J168 north Hawkes Bay D S. spiculoptera Spring
J168 north Hawkes Bay D S. spiculoptera Spring
J183 north Manawatu-Wanganui DC T. circumcincta Spring
J183 north Manawatu-Wanganui DC Spring
J183 north Manawatu-Wanganui DC O. leptospicularis Spring
J183 north Manawatu-Wanganui DC O. venulosum Spring
J183 north Manawatu-Wanganui DC S. asymmetrica Spring
J183 north Manawatu-Wanganui DC O. leptospicularis Spring
J183 north Manawatu-Wanganui DC S. asymmetrica Spring
J183 north Manawatu-Wanganui DC O. venulosum Spring
J183 north Manawatu-Wanganui DC S. asymmetrica Spring
J183 north Manawatu-Wanganui DC O. venulosum Spring
J183 north Manawatu-Wanganui DC O. venulosum Spring
J183 north Manawatu-Wanganui DC T. vitrinus Spring
J183 north Manawatu-Wanganui DC S. asymmetrica Spring
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Farm Code Island Region Anim host spp. GIN spp. Season
J183 north Manawatu-Wanganui DC Spring
J183 north Manawatu-Wanganui DC S. asymmetrica Spring
J183 north Manawatu-Wanganui DC O. venulosum Spring
J183 north Manawatu-Wanganui DC S. spiculoptera Spring
J183 north Manawatu-Wanganui DC O. venulosum Spring
J183 north Manawatu-Wanganui DC T. askivali Spring
J183 north Manawatu-Wanganui DC T. askivali Spring
J183 north Manawatu-Wanganui DC S. asymmetrica Spring
J183 north Manawatu-Wanganui DC T. circumcincta Spring
J183 north Manawatu-Wanganui DC Spring
J183 north Manawatu-Wanganui DC S. asymmetrica Spring
J204 north East Coast DSC O. venulosum Spring
1204 north East Coast DSC O. venulosum Spring
J204 north East Coast DSC O. venulosum Spring
J204 north East Coast DSC T. askivali Spring
J204 north East Coast DSC O. venulosum Spring
J204 north East Coast DSC O. venulosum Spring
1204 north East Coast DSC O. venulosum Spring
J204 north East Coast DSC T. axei Spring
J204 north East Coast DSC O. venulosum Spring
1204 north East Coast DSC O. venulosum Spring
J204 north East Coast DSC T. vitrinus Spring
1204 north East Coast DSC O. venulosum Spring
J204 north East Coast DSC O. venulosum Spring
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Farm Code Island Region Anim host spp. GIN spp. Season
J204 north East Coast DSC . venulosum Spring
1204 north East Coast DSC Spring
1204 north East Coast DSC . venulosum Spring
1204 north East Coast DSC . venulosum Spring
1204 north East Coast DSC . venulosum Spring
J204 north East Coast DSC . venulosum Spring
J204 north East Coast DSC . venulosum Spring
1204 north East Coast DSC . venulosum Spring
J204 north East Coast DSC . venulosum Spring
1204 north East Coast DSC . venulosum Spring
1204 north East Coast DSC . venulosum Spring
JOO8 south Canterbury D . venulosum Winter
J0o8 south Canterbury D . venulosum Winter
JOO8 south Canterbury D . venulosum Winter
JOO8 south Canterbury D . venulosum Winter
J008 south Canterbury D . venulosum Winter
JOO8 south Canterbury D . asymmetrica Winter
JO08 south Canterbury D . venulosum Winter
J008 south Canterbury D . venulosum Winter
JO08 south Canterbury D . venulosum Winter
JO08 south Canterbury D . venulosum Winter
JO08 south Canterbury D . venulosum Winter
JO08 south Canterbury D . venulosum Winter
JOO8 south Canterbury D . venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J0O8 south Canterbury D O. venulosum Winter
JOO8 south Canterbury D S. asymmetrica Winter
JOO8 south Canterbury D S. asymmetrica Winter
JO08 south Canterbury D O. venulosum Winter
JOO8 south Canterbury D O. venulosum Winter
JOO8 south Canterbury D O. venulosum Winter
J0O8 south Canterbury D S. asymmetrica Winter
JOO8 south Canterbury D O. venulosum Winter
JOO8 south Canterbury D O. venulosum Winter
JOO8 south Canterbury D S. asymmetrica Winter
JOO8 south Canterbury D O. venulosum Winter
Jo14 south Southland DS S. asymmetrica Winter
Jo14 south Southland DS S. asymmetrica Winter
Jo14 south Southland DS T. askivali Winter
Jo14 south Southland DS Winter
Jo14 south Southland DS S. spiculoptera Winter
Jo14 south Southland DS T. colubriformis Winter
Jo14 south Southland DS S. spiculoptera Winter
Jo14 south Southland DS O. venulosum Winter
Jo14 south Southland DS O. leptospicularis Winter
Jo14 south Southland DS S. spiculoptera Winter
Jo14 south Southland DS Winter
Jo14 south Southland DS S. spiculoptera Winter
J014 south Southland DS O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
Jo14 south Southland DS S. spiculoptera Winter
Jo14 south Southland DS O. venulosum Winter
Jo14 south Southland DS O. leptospicularis Winter
Jo14 south Southland DS T. colubriformis Winter
Jo14 south Southland DS S. spiculoptera Winter
Jo14 south Southland DS S. asymmetrica Winter
Jo14 south Southland DS S. spiculoptera Winter
Jo14 south Southland DS O. venulosum Winter
Jo14 south Southland DS O. leptospicularis Winter
Jo14 south Southland DS T. askivali Winter
Jo14 south Southland DS Winter
JOo68 south Canterbury D O. leptospicularis Winter
J068 south Canterbury D S. asymmetrica Winter
JO68 south Canterbury D O. leptospicularis Winter
JO68 south Canterbury D O. leptospicularis Winter
J068 south Canterbury D S. asymmetrica Winter
JO68 south Canterbury D S. asymmetrica Winter
J068 south Canterbury D O. venulosum Winter
J068 south Canterbury D O. leptospicularis Winter
J068 south Canterbury D S. asymmetrica Winter
J068 south Canterbury D O. leptospicularis Winter
JO68 south Canterbury D O. leptospicularis Winter
J068 south Canterbury D S. asymmetrica Winter
JO68 south Canterbury D O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J068 south Canterbury D . venulosum Winter
JOo68 south Canterbury D . venulosum Winter
JO68 south Canterbury D . venulosum Winter
J068 south Canterbury D . asymmetrica Winter
JO68 south Canterbury D . leptospicularis Winter
J068 south Canterbury D . leptospicularis Winter
J068 south Canterbury D . leptospicularis Winter
JO68 south Canterbury D . leptospicularis Winter
J068 south Canterbury D . leptospicularis Winter
JO68 south Canterbury D . leptospicularis Winter
JO68 south Canterbury D . sikae Winter
JO73 south Southland D Winter
J073 south Southland D . venulosum Winter
J073 south Southland D . venulosum Winter
JO73 south Southland D . asymmetrica Winter
J073 south Southland D . colubriformis Winter
JO73 south Southland D . venulosum Winter
J073 south Southland D . venulosum Winter
J073 south Southland D . venulosum Winter
JO73 south Southland D . asymmetrica Winter
J073 south Southland D . venulosum Winter
JO73 south Southland D . venulosum Winter
JO73 south Southland D Winter
J073 south Southland D . venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
Jo73 south Southland D O. venulosum Winter
J073 south Southland D O. venulosum Winter
J073 south Southland D O. venulosum Winter
Jo73 south Southland D O. venulosum Winter
JO73 south Southland D O. venulosum Winter
J073 south Southland D S. asymmetrica Winter
J073 south Southland D O. venulosum Winter
JO73 south Southland D O. venulosum Winter
J073 south Southland D O. venulosum Winter
JO73 south Southland D O. venulosum Winter
JO73 south Southland D O. venulosum Winter
J097 south Southland DS O. venulosum Winter
J097 south Southland DS C. oncophora Winter
J097 south Southland DS O. venulosum Winter
J097 south Southland DS O. venulosum Winter
J097 south Southland DS O. venulosum Winter
J097 south Southland DS O. venulosum Winter
J097 south Southland DS O. venulosum Winter
J097 south Southland DS O. venulosum Winter
J097 south Southland DS T. askivali Winter
J097 south Southland DS O. venulosum Winter
J097 south Southland DS T. askivali Winter
J097 south Southland DS S. spiculoptera Winter
J097 south Southland DS O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J097 south Southland DS O. venulosum Winter
J097 south Southland DS Winter
J097 south Southland DS S. asymmetrica Winter
J097 south Southland DS S. spiculoptera Winter
J097 south Southland DS O. venulosum Winter
J097 south Southland DS Winter
J097 south Southland DS T. askivali Winter
J097 south Southland DS T. askivali Winter
J097 south Southland DS S. asymmetrica Winter
J097 south Southland DS O. venulosum Winter
J097 south Southland DS O. venulosum Winter
J113 south Canterbury DSC T. askivali Winter
J113 south Canterbury DSC O. venulosum Winter
J113 south Canterbury DSC O. venulosum Winter
J113 south Canterbury DSC Winter
J113 south Canterbury DSC S. spiculoptera Winter
J113 south Canterbury DSC T. askivali Winter
J113 south Canterbury DSC O. venulosum Winter
J113 south Canterbury DSC O. sikae Winter
J113 south Canterbury DSC T. vitrinus Winter
J113 south Canterbury DSC O. venulosum Winter
J113 south Canterbury DSC S. spiculoptera Winter
J113 south Canterbury DSC O. leptospicularis Winter
J113 south Canterbury DSC O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J113 south Canterbury DSC Winter
J113 south Canterbury DSC T. askivali Winter
J113 south Canterbury DSC T. askivali Winter
J113 south Canterbury DSC O. venulosum Winter
J113 south Canterbury DSC O. venulosum Winter
J113 south Canterbury DSC Winter
J113 south Canterbury DSC O. venulosum Winter
J113 south Canterbury DSC O. venulosum Winter
J113 south Canterbury DSC T. askivali Winter
J113 south Canterbury DSC T. askivali Winter
J113 south Canterbury DSC T. askivali Winter
J117 south Canterbury D T. colubriformis Winter
117 south Canterbury D C. oncophora Winter
J117 south Canterbury D Winter
117 south Canterbury D O. leptospicularis Winter
J117 south Canterbury D T. colubriformis Winter
117 south Canterbury D T. circumcincta Winter
J117 south Canterbury D T. vitrinus Winter
17 south Canterbury D O. leptospicularis Winter
J117 south Canterbury D S. spiculoptera Winter
J117 south Canterbury D O. venulosum Winter
J117 south Canterbury D Winter
J117 south Canterbury D O. leptospicularis Winter
117 south Canterbury D O. leptospicularis Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J117 south Canterbury D T. vitrinus Winter
J117 south Canterbury D T. colubriformis Winter
J117 south Canterbury D S. asymmetrica Winter
J117 south Canterbury D T. colubriformis Winter
J117 south Canterbury D O. leptospicularis Winter
J117 south Canterbury D S. spiculoptera Winter
J117 south Canterbury D O. leptospicularis Winter
J117 south Canterbury D T. circumcincta Winter
J117 south Canterbury D T. colubriformis Winter
J117 south Canterbury D O. leptospicularis Winter
J117 south Canterbury D O. venulosum Winter
J119 south Canterbury D S. asymmetrica Winter
J119 south Canterbury D T. axel Winter
J119 south Canterbury D T. axei Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D T. axei Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D T. axei Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D S. spiculoptera Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D O. venulosum Winter
J119 south Canterbury D Winter
J119 south Canterbury D O. venulosum Winter
J122 south Otago DS C. oncophora Winter
J122 south Otago DS S. asymmetrica Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS C. oncophora Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. leptospicularis Winter
J122 south Otago DS O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J122 south Otago DS O. venulosum Winter
J122 south Otago DS T. colubriformis Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. leptospicularis Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. venulosum Winter
J122 south Otago DS O. venulosum Winter
J123 south Otago DSC Winter
J123 south Otago DSC O. leptospicularis Winter
J123 south Otago DSC S. spiculoptera Winter
J123 south Otago DSC O. sikae Winter
J123 south Otago DSC C. oncophora Winter
J123 south Otago DSC S. spiculoptera Winter
J123 south Otago DSC T. askivali Winter
J123 south Otago DSC O. leptospicularis Winter
J123 south Otago DSC S. asymmetrica Winter
J123 south Otago DSC S. spiculoptera Winter
J123 south Otago DSC H. contortus Winter
J123 south Otago DSC T. askivali Winter
J123 south Otago DSC O. leptospicularis Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J123 south Otago DSC O. leptospicularis Winter
J123 south Otago DSC O. leptospicularis Winter
J123 south Otago DSC S. asymmetrica Winter
J123 south Otago DSC S. asymmetrica Winter
J123 south Otago DSC T. colubriformis Winter
J123 south Otago DSC S. spiculoptera Winter
J123 south Otago DSC C. oncophora Winter
J123 south Otago DSC O. leptospicularis Winter
J123 south Otago DSC T. colubriformis Winter
J123 south Otago DSC O. leptospicularis Winter
J123 south Otago DSC T. axei Winter
J130 south Canterbury DC S. spiculoptera Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC S. spiculoptera Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J130 south Canterbury DC S. spiculoptera Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J130 south Canterbury DC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC S. asymmetrica Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. leptospicularis Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC S. asymmetrica Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC O. venulosum Winter
J131 south Canterbury DSC S. asymmetrica Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS T. axei Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS C. oncophora Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
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J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J135 south Otago DS O. venulosum Winter
J214 south Canterbury DSC S. spiculoptera Spring
J214 south Canterbury DSC O. leptospicularis Spring
1214 south Canterbury DSC S. asymmetrica Spring
J214 south Canterbury DSC O. leptospicularis Spring
J214 south Canterbury DSC T. circumcincta Spring
J214 south Canterbury DSC T. circumcincta Spring
214 south Canterbury DSC O. leptospicularis Spring
214 south Canterbury DSC S. asymmetrica Spring
J214 south Canterbury DSC S. spiculoptera Spring
214 south Canterbury DSC O. leptospicularis Spring
J214 south Canterbury DSC S. spiculoptera Spring
214 south Canterbury DSC S. asymmetrica Spring
J214 south Canterbury DSC O. leptospicularis Spring
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Farm Code Island Region Anim host spp. GIN spp. Season
214 south Canterbury DSC O. leptospicularis Spring
1214 south Canterbury DSC O. leptospicularis Spring
1214 south Canterbury DSC O. leptospicularis Spring
214 south Canterbury DSC O. leptospicularis Spring
1214 south Canterbury DSC S. spiculoptera Spring
214 south Canterbury DSC O. leptospicularis Spring
214 south Canterbury DSC O. leptospicularis Spring
1214 south Canterbury DSC O. leptospicularis Spring
214 south Canterbury DSC O. leptospicularis Spring
214 south Canterbury DSC S. spiculoptera Spring
214 south Canterbury DSC S. asymmetrica Spring
J165 south Canterbury DC S. asymmetrica Spring
J165 south Canterbury DC S. asymmetrica Spring
J165 south Canterbury DC O. leptospicularis Spring
J165 south Canterbury DC S. asymmetrica Spring
J165 south Canterbury DC S. asymmetrica Spring
J165 south Canterbury DC O. leptospicularis Spring
J165 south Canterbury DC O. venulosum Spring
J165 south Canterbury DC O. leptospicularis Spring
J165 south Canterbury DC T. circumcincta Spring
J165 south Canterbury DC S. asymmetrica Spring
J165 south Canterbury DC S. asymmetrica Spring
J165 south Canterbury DC O. leptospicularis Spring
J165 south Canterbury DC S. asymmetrica Spring
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J165 south Canterbury DC S. asymmetrica Spring
J165 south Canterbury DC S. asymmetrica Spring
J165 south Canterbury DC O. leptospicularis Spring
J165 south Canterbury DC O. leptospicularis Spring
J165 south Canterbury DC O. leptospicularis Spring
J165 south Canterbury DC S. asymmetrica Spring
J165 south Canterbury DC S. asymmetrica Spring
J165 south Canterbury DC S. asymmetrica Spring
J165 south Canterbury DC S. asymmetrica Spring
J165 south Canterbury DC T. circumcincta Spring
J165 south Canterbury DC S. asymmetrica Spring
J176 south Canterbury DC O. venulosum Spring
J176 south Canterbury DC T. circumcincta Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC C. oncophora Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC S. asymmetrica Spring
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J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC C. oncophora Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC H. contortus Spring
J176 south Canterbury DC H. contortus Spring
J180 south Southland DC T. axei Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC T. axei Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC T. colubriformis Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC T. axei Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC T. axei Spring
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J180 south Southland DC O. venulosum Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC S. asymmetrica Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC O. venulosum Spring
J180 south Southland DC S. asymmetrica Spring
J190 south Canterbury D Spring
J190 south Canterbury D S. spiculoptera Spring
J190 south Canterbury D S. asymmetrica Spring
J190 south Canterbury D S. asymmetrica Spring
J190 south Canterbury D S. asymmetrica Spring
J190 south Canterbury D O. leptospicularis Spring
J190 south Canterbury D S. asymmetrica Spring
J190 south Canterbury D T. circumcincta Spring
J190 south Canterbury D T. circumcincta Spring
J190 south Canterbury D H. contortus Spring
J190 south Canterbury D S. spiculoptera Spring
J190 south Canterbury D S. asymmetrica Spring
J190 south Canterbury D S. spiculoptera Spring
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J190 south Canterbury D S. spiculoptera Spring
J190 south Canterbury D T. askivali Spring
J190 south Canterbury D H. contortus Spring
J190 south Canterbury D S. asymmetrica Spring
J190 south Canterbury D S. asymmetrica Spring
J190 south Canterbury D S. asymmetrica Spring
J190 south Canterbury D S. asymmetrica Spring
J190 south Canterbury D Spring
J190 south Canterbury D S. asymmetrica Spring
J190 south Canterbury D S. asymmetrica Spring
J190 south Canterbury D Spring
J194 south Canterbury DSC S. spiculoptera Spring
J194 south Canterbury DSC T. circumcincta Spring
1194 south Canterbury DSC Spring
1194 south Canterbury DSC T. vitrinus Spring
J194 south Canterbury DSC H. contortus Spring
J194 south Canterbury DSC O. leptospicularis Spring
J194 south Canterbury DSC H. contortus Spring
1194 south Canterbury DSC Spring
J194 south Canterbury DSC H. contortus Spring
1194 south Canterbury DSC H. contortus Spring
J194 south Canterbury DSC O. leptospicularis Spring
1194 south Canterbury DSC T. vitrinus Spring
1194 south Canterbury DSC H. contortus Spring
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J194 south Canterbury DSC Spring
J194 south Canterbury DSC H. contortus Spring
J194 south Canterbury DSC S. spiculoptera Spring
J194 south Canterbury DSC Spring
J194 south Canterbury DSC H. contortus Spring
J194 south Canterbury DSC T. circumcincta Spring
J194 south Canterbury DSC H. contortus Spring
J194 south Canterbury DSC T. askivali Spring
J194 south Canterbury DSC T. askivali Spring
J194 south Canterbury DSC T. askivali Spring
J194 south Canterbury DSC T. askivali Spring
211 south Canterbury D O. leptospicularis Spring
211 south Canterbury D S. spiculoptera Spring
211 south Canterbury D S. spiculoptera Spring
211 south Canterbury D O. leptospicularis Spring
J211 south Canterbury D S. spiculoptera Spring
211 south Canterbury D S. spiculoptera Spring
211 south Canterbury D O. leptospicularis Spring
1211 south Canterbury D T. askivali Spring
211 south Canterbury D O. leptospicularis Spring
211 south Canterbury D Spring
211 south Canterbury D S. spiculoptera Spring
211 south Canterbury D S. spiculoptera Spring
211 south Canterbury D S. spiculoptera Spring
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211 south Canterbury D S. spiculoptera Spring
211 south Canterbury D S. spiculoptera Spring
1211 south Canterbury D S. asymmetrica Spring
1211 south Canterbury D S. spiculoptera Spring
J211 south Canterbury D S. spiculoptera Spring
211 south Canterbury D S. asymmetrica Spring
211 south Canterbury D O. leptospicularis Spring
211 south Canterbury D O. venulosum Spring
1211 south Canterbury D C. oncophora Spring
211 south Canterbury D O. sikae Spring
211 south Canterbury D O. sikae Spring
J215 south Canterbury DSC Spring
J215 south Canterbury DSC S. spiculoptera Spring
J215 south Canterbury DSC S. spiculoptera Spring
J215 south Canterbury DSC S. spiculoptera Spring
J215 south Canterbury DSC O. leptospicularis Spring
J215 south Canterbury DSC O. sikae Spring
J215 south Canterbury DSC T. circumcincta Spring
215 south Canterbury DSC O. leptospicularis Spring
J215 south Canterbury DSC O. sikae Spring
J215 south Canterbury DSC Spring
J215 south Canterbury DSC O. leptospicularis Spring
J215 south Canterbury DSC T. circumcincta Spring
J215 south Canterbury DSC O. venulosum Spring
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J215 south Canterbury DSC O. leptospicularis Spring
J215 south Canterbury DSC S. spiculoptera Spring
J215 south Canterbury DSC O. sikae Spring
J215 south Canterbury DSC O. sikae Spring
J215 south Canterbury DSC O. leptospicularis Spring
J215 south Canterbury DSC O. sikae Spring
J215 south Canterbury DSC O. venulosum Spring
J215 south Canterbury DSC O. sikae Spring
J215 south Canterbury DSC S. spiculoptera Spring
J215 south Canterbury DSC S. spiculoptera Spring
J215 south Canterbury DSC O. leptospicularis Spring
J195 north Waikato D Spring
J195 north Waikato D Spring
J195 north Waikato D O. venulosum Spring
J195 north Waikato D H. contortus Spring
J195 north Waikato D C. curticei Spring
J195 north Waikato D Spring
J195 north Waikato D S. spiculoptera Spring
J195 north Waikato D S. spiculoptera Spring
J195 north Waikato D S. spiculoptera Spring
J195 north Waikato D S. spiculoptera Spring
J195 north Waikato D S. spiculoptera Spring
J195 north Waikato D S. spiculoptera Spring
J195 north Waikato D S. spiculoptera Spring
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J195 north Waikato D O. sikae Spring
J195 north Waikato D S. spiculoptera Spring
J195 north Waikato D S. spiculoptera Spring
J195 north Waikato D S. spiculoptera Spring
J195 north Waikato D Spring
J195 north Waikato D H. contortus Spring
J195 north Waikato D T. askivali Spring
J195 north Waikato D S. spiculoptera Spring
J195 north Waikato D S. spiculoptera Spring
J195 north Waikato D S. spiculoptera Spring
J195 north Waikato D S. spiculoptera Spring
1217 south Canterbury DSC S. asymmetrica Spring
1217 south Canterbury DSC S. asymmetrica Spring
1217 south Canterbury DSC S. spiculoptera Spring
1217 south Canterbury DSC S. asymmetrica Spring
1217 south Canterbury DSC O. venulosum Spring
1217 south Canterbury DSC S. spiculoptera Spring
1217 south Canterbury DSC S. asymmetrica Spring
1217 south Canterbury DSC S. asymmetrica Spring
1217 south Canterbury DSC S. asymmetrica Spring
1217 south Canterbury DSC S. asymmetrica Spring
1217 south Canterbury DSC S. asymmetrica Spring
1217 south Canterbury DSC S. asymmetrica Spring
1217 south Canterbury DSC S. spiculoptera Spring
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1217 south Canterbury DSC . asymmetrica Spring
1217 south Canterbury DSC . asymmetrica Spring
1217 south Canterbury DSC . asymmetrica Spring
1217 south Canterbury DSC . leptospicularis Spring
1217 south Canterbury DSC . spiculoptera Spring
1217 south Canterbury DSC . leptospicularis Spring
1217 south Canterbury DSC . spiculoptera Spring
1217 south Canterbury DSC . asymmetrica Spring
1217 south Canterbury DSC . Spiculoptera Spring
1217 south Canterbury DSC . leptospicularis Spring
1217 south Canterbury DSC . asymmetrica Spring
J244 north Gisborne DSC . venulosum Summer
J244 north Gisborne DSC . venulosum Summer
J244 north Gisborne DSC . venulosum Summer
1244 north Gisborne DSC . venulosum Summer
J244 north Gisborne DSC . venulosum Summer
1244 north Gisborne DSC . venulosum Summer
1244 north Gisborne DSC . venulosum Summer
1244 north Gisborne DSC . venulosum Summer
1244 north Gisborne DSC . asymmetrica Summer
J244 north Gisborne DSC . venulosum Summer
1244 north Gisborne DSC . venulosum Summer
1244 north Gisborne DSC . venulosum Summer
1244 north Gisborne DSC . venulosum Summer
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J244 north Gisborne DSC O. venulosum Summer
1244 north Gisborne DSC O. venulosum Summer
1244 north Gisborne DSC O. venulosum Summer
1244 north Gisborne DSC S. spiculoptera Summer
1244 north Gisborne DSC O. venulosum Summer
1244 north Gisborne DSC O. venulosum Summer
1244 north Gisborne DSC S. spiculoptera Summer
1244 north Gisborne DSC O. venulosum Summer
1244 north Gisborne DSC Summer
1244 north Gisborne DSC C. oncophora Summer
1244 north Gisborne DSC O. venulosum Summer
J258 north Manawatu-Wanganui D O. venulosum Autumm
J258 north Manawatu-Wanganui D O. venulosum Autumm
J258 north Manawatu-Wanganui D T. vitrinus Autumm
J258 north Manawatu-Wanganui D S. asymmetrica Autumm
J258 north Manawatu-Wanganui D S. spiculoptera Autumm
J258 north Manawatu-Wanganui D Autumm
J258 north Manawatu-Wanganui D O. venulosum Autumm
J258 north Manawatu-Wanganui D O. venulosum Autumm
J258 north Manawatu-Wanganui D O. venulosum Autumm
J258 north Manawatu-Wanganui D O. venulosum Autumm
J258 north Manawatu-Wanganui D S. spiculoptera Autumm
J258 north Manawatu-Wanganui D O. venulosum Autumm
J258 north Manawatu-Wanganui D Autumm
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Farm Code Island Region Anim host spp. GIN spp. Season
J258 north Manawatu-Wanganui D O. venulosum Autumm
J258 north Manawatu-Wanganui D O. venulosum Autumm
J258 north Manawatu-Wanganui D S. asymmetrica Autumm
J258 north Manawatu-Wanganui D O. venulosum Autumm
J258 north Manawatu-Wanganui D S. asymmetrica Autumm
J258 north Manawatu-Wanganui D T. vitrinus Autumm
J258 north Manawatu-Wanganui D O. venulosum Autumm
J258 north Manawatu-Wanganui D Autumm
J258 north Manawatu-Wanganui D O. venulosum Autumm
J258 north Manawatu-Wanganui D O. venulosum Autumm
J258 north Manawatu-Wanganui D O. venulosum Autumm
J259 north Manawatu-Wanganui D O. venulosum Autumm
1259 north Manawatu-Wanganui D O. venulosum Autumm
1259 north Manawatu-Wanganui D O. venulosum Autumm
1259 north Manawatu-Wanganui D O. venulosum Autumm
J259 north Manawatu-Wanganui D O. venulosum Autumm
1259 north Manawatu-Wanganui D Autumm
J259 north Manawatu-Wanganui D O. venulosum Autumm
J259 north Manawatu-Wanganui D O. venulosum Autumm
J259 north Manawatu-Wanganui D O. venulosum Autumm
J259 north Manawatu-Wanganui D O. venulosum Autumm
J259 north Manawatu-Wanganui D O. venulosum Autumm
J259 north Manawatu-Wanganui D O. venulosum Autumm
J259 north Manawatu-Wanganui D S. spiculoptera Autumm
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Farm Code Island Region Anim host spp. GIN spp. Season
J259 north Manawatu-Wanganui D H. contortus Autumm
J259 north Manawatu-Wanganui D O. venulosum Autumm
1259 north Manawatu-Wanganui D Autumm
J259 north Manawatu-Wanganui D O. venulosum Autumm
1259 north Manawatu-Wanganui D O. venulosum Autumm
J259 north Manawatu-Wanganui D S. spiculoptera Autumm
J259 north Manawatu-Wanganui D O. venulosum Autumm
1259 north Manawatu-Wanganui D O. venulosum Autumm
J259 north Manawatu-Wanganui D O. venulosum Autumm
J259 north Manawatu-Wanganui D H. contortus Autumm
J259 north Manawatu-Wanganui D O. venulosum Autumm
J261 north Manawatu-Wanganui D S. spiculoptera Autumm
J261 north Manawatu-Wanganui D Autumm
J261 north Manawatu-Wanganui D Autumm
J261 north Manawatu-Wanganui D H. contortus Autumm
1261 north Manawatu-Wanganui D O. leptospicularis|  Autumm
J261 north Manawatu-Wanganui D S. spiculoptera Autumm
J261 north Manawatu-Wanganui D O. leptospicularis|  Autumm
1261 north Manawatu-Wanganui D O. sikae Autumm
J261 north Manawatu-Wanganui D S. asymmetrica Autumm
J261 north Manawatu-Wanganui D S. asymmetrica Autumm
J261 north Manawatu-Wanganui D T. circumcincta Autumm
J261 north Manawatu-Wanganui D T. vitrinus Autumm
J261 north Manawatu-Wanganui D Autumm
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Farm Code Island Region Anim host spp. GIN spp. Season
J261 north Manawatu-Wanganui D Autumm
J261 north Manawatu-Wanganui D S. asymmetrica Autumm
J261 north Manawatu-Wanganui D S. spiculoptera Autumm
J261 north Manawatu-Wanganui D S. asymmetrica Autumm
J261 north Manawatu-Wanganui D S. asymmetrica Autumm
J261 north Manawatu-Wanganui D S. spiculoptera Autumm
1261 north Manawatu-Wanganui D S. asymmetrica Autumm
J261 north Manawatu-Wanganui D S. spiculoptera Autumm
J261 north Manawatu-Wanganui D T. vitrinus Autumm
J261 north Manawatu-Wanganui D S. asymmetrica Autumm
1261 north Manawatu-Wanganui D S. spiculoptera Autumm
1264 south Canterbury D O. venulosum Autumm
J264 south Canterbury D O. venulosum Autumm
J264 south Canterbury D S. asymmetrica Autumm
J264 south Canterbury D S. spiculoptera Autumm
J264 south Canterbury D T. circumcincta Autumm
J264 south Canterbury D T. askivali Autumm
J264 south Canterbury D O. venulosum Autumm
J264 south Canterbury D S. asymmetrica Autumm
J264 south Canterbury D S. spiculoptera Autumm
J264 south Canterbury D O. venulosum Autumm
1264 south Canterbury D S. asymmetrica Autumm
J264 south Canterbury D S. asymmetrica Autumm
1264 south Canterbury D Autumm
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Farm Code Island Region Anim host spp. GIN spp. Season
J264 south Canterbury D T. askivali Autumm
J264 south Canterbury D O. venulosum Autumm
1264 south Canterbury D S. spiculoptera Autumm
1264 south Canterbury D S. spiculoptera Autumm
J264 south Canterbury D O. venulosum Autumm
1264 south Canterbury D T. vitrinus Autumm
J264 south Canterbury D T. askivali Autumm
J264 south Canterbury D O. venulosum Autumm
J264 south Canterbury D O. leptospicularis|  Autumm
J264 south Canterbury D Autumm
1264 south Canterbury D O. venulosum Autumm
1274 south Canterbury DC Autumm
274 south Canterbury DC O. venulosum Autumm
1274 south Canterbury DC O. venulosum Autumm
1274 south Canterbury DC O. venulosum Autumm
1274 south Canterbury DC O. venulosum Autumm
J274 south Canterbury DC Autumm
1274 south Canterbury DC S. spiculoptera Autumm
1274 south Canterbury DC Autumm
1274 south Canterbury DC O. venulosum Autumm
1274 south Canterbury DC O. venulosum Autumm
1274 south Canterbury DC S. spiculoptera Autumm
1274 south Canterbury DC O. venulosum Autumm
1274 south Canterbury DC S. asymmetrica Autumm
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Farm Code Island Region Anim host spp. GIN spp. Season
J274 south Canterbury DC O. venulosum Autumm
1274 south Canterbury DC O. venulosum Autumm
1274 south Canterbury DC O. venulosum Autumm
1274 south Canterbury DC O. venulosum Autumm
1274 south Canterbury DC O. venulosum Autumm
J274 south Canterbury DC S. spiculoptera Autumm
J274 south Canterbury DC T. circumcincta Autumm
1274 south Canterbury DC O. venulosum Autumm
J274 south Canterbury DC O. sikae Autumm
1274 south Canterbury DC S. asymmetrica Autumm
1274 south Canterbury DC Autumm
1227 south Canterbury DSC T. vitrinus Summer
1227 south Canterbury DSC T. circumcincta Summer
1227 south Canterbury DSC S. spiculoptera Summer
1227 south Canterbury DSC T. vitrinus Summer
1227 south Canterbury DSC S. spiculoptera Summer
1227 south Canterbury DSC T. circumcincta Summer
1227 south Canterbury DSC O. leptospicularis| ~ Summer
1227 south Canterbury DSC S. spiculoptera Summer
1227 south Canterbury DSC T. vitrinus Summer
1227 south Canterbury DSC T. vitrinus Summer
1227 south Canterbury DSC S. spiculoptera Summer
1227 south Canterbury DSC Summer
1227 south Canterbury DSC Summer
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Farm Code Island Region Anim host spp. GIN spp. Season
1227 south Canterbury DSC T. vitrinus Summer
1227 south Canterbury DSC T. circumcincta Summer
1227 south Canterbury DSC Summer
1227 south Canterbury DSC Summer
1227 south Canterbury DSC O. leptospicularis| ~ Summer
1227 south Canterbury DSC O. venulosum Summer
1227 south Canterbury DSC Summer
1227 south Canterbury DSC S. spiculoptera Summer
1227 south Canterbury DSC Summer
1227 south Canterbury DSC Summer
1227 south Canterbury DSC Summer

L7 south Southland DSC O. sikae Autumm
L7 south Southland DSC T. colubriformis Autumm
L7 south Southland DSC O. venulosum Autumm
L7 south Southland DSC S. asymmetrica Autumm
L7 south Southland DSC S. spiculoptera Autumm
L7 south Southland DSC O. venulosum Autumm
L7 south Southland DSC Autumm
L7 south Southland DSC T. vitrinus Autumm
L7 south Southland DSC Autumm
L7 south Southland DSC T. circumcincta Autumm
L7 south Southland DSC O. sikae Autumm
L7 south Southland DSC O. sikae Autumm
L7 south Southland DSC T. colubriformis Autumm
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Farm Code Island Region Anim host spp. GIN spp. Season
L7 south Southland DSC O. sikae Autumm
L7 south Southland DSC T. circumcincta Autumm
L7 south Southland DSC O. leptospicularis|  Autumm
L7 south Southland DSC S. asymmetrica Autumm
L7 south Southland DSC Autumm
L7 south Southland DSC O. sikae Autumm
L7 south Southland DSC S. asymmetrica Autumm
L7 south Southland DSC O. venulosum Autumm
L7 south Southland DSC O. leptospicularis| ~ Autumm
L7 south Southland DSC C. oncophora Autumm
L7 south Southland DSC S. asymmetrica Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
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Farm Code Island Region Anim host spp. GIN spp. Season
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L13 north Central Plateau DSC C. oncophora Autumm
L36 north Hawkes Bay DSC S. asymmetrica Winter
L36 north Hawkes Bay DSC Winter
L36 north Hawkes Bay DSC Winter
L36 north Hawkes Bay DSC S. asymmetrica Winter
L36 north Hawkes Bay DSC Winter
L36 north Hawkes Bay DSC O. leptospicularis Winter
L36 north Hawkes Bay DSC O. leptospicularis Winter
L36 north Hawkes Bay DSC O. leptospicularis Winter
L36 north Hawkes Bay DSC S. asymmetrica Winter
L36 north Hawkes Bay DSC O. leptospicularis Winter
L36 north Hawkes Bay DSC C. oncophora Winter
L36 north Hawkes Bay DSC S. asymmetrica Winter
L36 north Hawkes Bay DSC O. leptospicularis Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
L36 north Hawkes Bay DSC Winter
L36 north Hawkes Bay DSC S. asymmetrica Winter
L36 north Hawkes Bay DSC C. oncophora Winter
L36 north Hawkes Bay DSC S. asymmetrica Winter
L36 north Hawkes Bay DSC O. venulosum Winter
L36 north Hawkes Bay DSC S. asymmetrica Winter
L36 north Hawkes Bay DSC S. asymmetrica Winter
L36 north Hawkes Bay DSC S. asymmetrica Winter
L36 north Hawkes Bay DSC Winter
L36 north Hawkes Bay DSC Winter
L36 north Hawkes Bay DSC C. oncophora Winter
L45 north Central Plateau DSC Winter
L45 north Central Plateau DSC C. curticei Winter
L45 north Central Plateau DSC Winter
L45 north Central Plateau DSC Winter
L45 north Central Plateau DSC Winter
L45 north Central Plateau DSC Winter
L45 north Central Plateau DSC O. venulosum Winter
L45 north Central Plateau DSC Winter
L45 north Central Plateau DSC Winter
L45 north Central Plateau DSC O. venulosum Winter
L45 north Central Plateau DSC Winter
L45 north Central Plateau DSC Winter
L45 north Central Plateau DSC Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
L45 north Central Plateau DSC Winter
L45 north Central Plateau DSC . venulosum Winter
L45 north Central Plateau DSC Winter
L45 north Central Plateau DSC Winter
L45 north Central Plateau DSC . venulosum Winter
L45 north Central Plateau DSC Winter
L45 north Central Plateau DSC . venulosum Winter
L45 north Central Plateau DSC . venulosum Winter
L45 north Central Plateau DSC . venulosum Winter
L45 north Central Plateau DSC . venulosum Winter
L45 north Central Plateau DSC Winter
L47 south West Coast DSC Winter
L47 south West Coast DSC Winter
L47 south West Coast DSC Winter
L47 south West Coast DSC . venulosum Winter
L47 south West Coast DSC . venulosum Winter
L47 south West Coast DSC . venulosum Winter
L47 south West Coast DSC . leptospicularis Winter
L47 south West Coast DSC Winter
L47 south West Coast DSC Winter
L47 south West Coast DSC Winter
L47 south West Coast DSC Winter
L47 south West Coast DSC Winter
L47 south West Coast DSC Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
L47 south West Coast DSC Winter
L47 south West Coast DSC Winter
L47 south West Coast DSC Winter
L47 south West Coast DSC . venulosum Winter
L47 south West Coast DSC . venulosum Winter
L47 south West Coast DSC . leptospicularis Winter
L47 south West Coast DSC . circumcincta Winter
L47 south West Coast DSC . venulosum Winter
L47 south West Coast DSC Winter
L47 south West Coast DSC Winter
L47 south West Coast DSC . venulosum Winter
L56 south West Coast DS . venulosum Winter
L56 south West Coast DS . venulosum Winter
L56 south West Coast DS . venulosum Winter
L56 south West Coast DS . venulosum Winter
L56 south West Coast DS . venulosum Winter
L56 south West Coast DS . venulosum Winter
L56 south West Coast DS . venulosum Winter
L56 south West Coast DS . asymmetrica Winter
L56 south West Coast DS Winter
L56 south West Coast DS . colubriformis Winter
L56 south West Coast DS . venulosum Winter
L56 south West Coast DS . venulosum Winter
L56 south West Coast DS . venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
L56 south West Coast DS O. venulosum Winter
L56 south West Coast DS O. venulosum Winter
L56 south West Coast DS O. venulosum Winter
L56 south West Coast DS O. venulosum Winter
L56 south West Coast DS O. venulosum Winter
L56 south West Coast DS O. venulosum Winter
L56 south West Coast DS T. vitrinus Winter
L56 south West Coast DS O. venulosum Winter
L56 south West Coast DS O. venulosum Winter
L56 south West Coast DS O. venulosum Winter
L56 south West Coast DS Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC S. asymmetrica Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
L66 south Otago DSC O. venulosum Winter
Lo66 south Otago DSC O. venulosum Winter
Lo66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
Le66 south Otago DSC Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
L66 south Otago DSC O. venulosum Winter
L57 south Southland DSC O. venulosum Winter
L57 south Southland DSC O. venulosum Winter
L57 south Southland DSC O. venulosum Winter
L57 south Southland DSC O. venulosum Winter
L57 south Southland DSC O. venulosum Winter
L57 south Southland DSC Winter
L57 south Southland DSC O. venulosum Winter
L57 south Southland DSC O. leptospicularis Winter
L57 south Southland DSC T. colubriformis Winter
L57 south Southland DSC O. venulosum Winter
L57 south Southland DSC 0. venulosum Winter
L57 south Southland DSC T. vitrinus Winter
L57 south Southland DSC O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
L57 south Southland DSC Winter
L57 south Southland DSC Winter
L57 south Southland DSC Winter
L57 south Southland DSC O. venulosum Winter
L57 south Southland DSC O. venulosum Winter
L57 south Southland DSC O. venulosum Winter
L57 south Southland DSC Winter
L57 south Southland DSC O. venulosum Winter
L57 south Southland DSC Winter
L57 south Southland DSC O. venulosum Winter
L57 south Southland DSC T. askivali Winter
L71 south West Coast D O. venulosum Winter
L71 south West Coast D S. asymmetrica Winter
L71 south West Coast D O. venulosum Winter
L71 south West Coast D O. venulosum Winter
L71 south West Coast D O. venulosum Winter
L71 south West Coast D O. venulosum Winter
L71 south West Coast D Winter
L71 south West Coast D Winter
L71 south West Coast D O. venulosum Winter
L71 south West Coast D Winter
L71 south West Coast D O. venulosum Winter
L71 south West Coast D O. venulosum Winter
L71 south West Coast D O. venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
L71 south West Coast D . venulosum Winter
L71 south West Coast D . venulosum Winter
L71 south West Coast D Winter
L71 south West Coast D . venulosum Winter
L71 south West Coast D . venulosum Winter
L71 south West Coast D . venulosum Winter
L71 south West Coast D Winter
L71 south West Coast D . asymmetrica Winter
L71 south West Coast D . venulosum Winter
L71 south West Coast D . askivali Winter
L71 south West Coast D . venulosum Winter
L88 south Southland DSC . venulosum Winter
L88 south Southland DSC . venulosum Winter
L88 south Southland DSC . venulosum Winter
L88 south Southland DSC . venulosum Winter
L88 south Southland DSC . venulosum Winter
L88 south Southland DSC . venulosum Winter
L88 south Southland DSC . venulosum Winter
L88 south Southland DSC Winter
L88 south Southland DSC . venulosum Winter
L88 south Southland DSC Winter
L88 south Southland DSC . venulosum Winter
L88 south Southland DSC Winter
L88 south Southland DSC . venulosum Winter
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Farm Code Island Region Anim host spp. GIN spp. Season
L88 south Southland DSC O. venulosum Winter
L88 south Southland DSC O. venulosum Winter
L88 south Southland DSC O. venulosum Winter
L88 south Southland DSC O. venulosum Winter
L88 south Southland DSC O. venulosum Winter
L88 south Southland DSC O. venulosum Winter
L88 south Southland DSC O. leptospicularis Winter
L88 south Southland DSC O. venulosum Winter
L88 south Southland DSC O. venulosum Winter
L88 south Southland DSC O. venulosum Winter
L88 south Southland DSC S. asymmetrica Winter
L113 south West Coast DC Spring
L113 south West Coast DC Spring
L113 south West Coast DC Spring
L113 south West Coast DC Spring
L113 south West Coast DC Spring
L113 south West Coast DC O. leptospicularis Spring
L113 south West Coast DC O. leptospicularis Spring
L113 south West Coast DC S. asymmetrica Spring
L113 south West Coast DC Spring
L113 south West Coast DC Spring
L113 south West Coast DC Spring
L113 south West Coast DC Spring
L113 south West Coast DC Spring
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Farm Code Island Region Anim host spp. GIN spp. Season
L113 south West Coast DC Spring
L113 south West Coast DC Spring
L113 south West Coast DC T. askivali Spring
L113 south West Coast DC S. asymmetrica Spring
L113 south West Coast DC O. leptospicularis Spring
L113 south West Coast DC O. leptospicularis Spring
L113 south West Coast DC S. asymmetrica Spring
L113 south West Coast DC O. leptospicularis Spring
L113 south West Coast DC T. circumcincta Spring
L113 south West Coast DC Spring
L113 south West Coast DC O. leptospicularis Spring

L98 north Central Plateau DSC O. venulosum Spring
L98 north Central Plateau DSC Spring
L98 north Central Plateau DSC O. venulosum Spring
L98 north Central Plateau DSC Spring
L98 north Central Plateau DSC Spring
L98 north Central Plateau DSC Spring
L98 north Central Plateau DSC Spring
L98 north Central Plateau DSC O. venulosum Spring
L98 north Central Plateau DSC Spring
L98 north Central Plateau DSC Spring
L98 north Central Plateau DSC O. venulosum Spring
L98 north Central Plateau DSC O. venulosum Spring
L98 north Central Plateau DSC O. venulosum Spring
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Farm Code Island Region Anim host spp. GIN spp. Season
L98 north Central Plateau DSC O. venulosum Spring
L98 north Central Plateau DSC Spring
L98 north Central Plateau DSC Spring
L98 north Central Plateau DSC O. venulosum Spring
L9g north Central Plateau DSC O. venulosum Spring
L98 north Central Plateau DSC Spring
L98 north Central Plateau DSC O. venulosum Spring
L98 north Central Plateau DSC O. venulosum Spring
L98 north Central Plateau DSC O. venulosum Spring
L98 north Central Plateau DSC O. leptospicularis Spring
L98 north Central Plateau DSC S. asymmetrica Spring
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Appendix 5

Supplementary information for Chapter 5.

Establishment rate of sheep gastrointestinal nematodes in

farmed red deer (Cervus elaphus).

5.1. Data- Liveweight and Faecal egg counts

Anim= Identification number of the deer, FEC(n)= Faecal egg count (eggs per gram)

on the day (1-28) from the infection dose, Weight(n)= Live weight (Kg) on the day (1-

28) from the infection dose.

Anim | Species |Weight(1)| Fec(1) |Weight(7)| Fec(7) |Weight(14)| Fec(14) |Weight(21)|Fec(21) |[Weight(28)| Fec(28)
117 | deer 64 0 64 0 64.5 0 64 200 64.5 800
118 | deer 60 0 62 0 63.5 0 64 50 64 450
120 | deer 60 0 62 0 61.5 0 62.5 150 63 50
122 | deer 58 0 60.5 0 60.5 0 61.5 50 61 200
123 | deer 63 0 65 0 65.5 0 65.5 50 65 250
409 | sheep 21 0 23 0 22 0 22.7 650 24 1450
416 | sheep 27 0 20 0 31 0 317 1150 325 1000
417 | sheep 23 0 26 0 27 0 26.4 2250 26.5 4950
418 | sheep 34 0 37 0 36 0 36.8 1200 38 1200
420 | sheep 19 0 22 0 23 0 22.8 1400 22 4750

5.2. Data- Individual dose of infective larvae
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Anim= Identification number of the deer, Trich total= Trichostrongylus spp. infective
larvae (L3) of the abomasum and Small intestine, Coop= Cooperia spp. L3, Telad=
Teladorsagia circumcincta L3, Oeso/Chab= Oesophagostomum venulosum L3 and
Chabertia ovina L3, Haem= Haemonchus contortus L3, Nemat= Nematodirus spp. L3.

Anim Species | Dose (ml) [ Trich total | Coop | Telad Oeso/Chab Haem Nemat
117 deer 40.0 3000 2259 6000 6633 3000 38
118 deer 37.5 2812 2117 5625 6218 2812 36
120 deer 37.5 2812 2117 5625 6218 2812 36
122 deer 36.3 2719 2047 5438 6011 2719 35
123 deer 394 2953 2223 5906 6529 2953 38
409 sheep 13.1 984 741 1969 2176 984 13
416 sheep 16.9 1266 953 2531 2798 1266 16
417 sheep 14.4 1078 812 2156 2384 1078 14
418 sheep 213 1594 1200 3188 3524 1594 20
420 sheep 11.9 891 671 1781 1969 891 11
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5.3. Data- Individual Nematode burdens.

Anim= Identification number of the deer, T. vitr= Trichostrongylus vitrinus, T. colub=
Trichostrongylus colubriformis, C. curt= Cooperia curticei, Telad= Teladorsagia
circumcincta, Haem= Haemonchus contortus, Trich= Trichostrongylus axei, Oeso=

Oesophagostomum venulosum, Chab= Chabertia ovina.

Small intestine Abomasum Large intestine

Anim Species Tvitr | T.colub | C.curt | Telad Haem Trich Oeso | Chab
117 deer 0 0 0 140 390 50 490 0
118 deer 0 0 0 30 260 20 40 0
120 deer 0 0 0 0 180 20 360 0
122 deer 0 0 0 70 320 40 470 0
123 deer 0 0 40 160 380 20 320 0
409 sheep 324 216 200 560 180 80 440 70
416 sheep 543 78 260 620 140 120 600 40
417 sheep 715 55 350 1110 250 70 860 10
418 sheep 947 473 230 1070 340 20 80 0
420 sheep 440 240 260 730 180 30 380 90
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Appendix 6

Supplementary information for Chapter 6.

Evaluation of cross-grazing deer with sheep or cattle, as a

means

nematodes in deer

to

control

gastrointestinal

6.1. Data- Liveweight and Anthelmintic Treatment

and pulmonary

Inv= Invermay, Msy= Massey University Palmerston North, anim= Identification

number of the deer, f= female, m= male, treat= treatment group, DD= deer own its own,

DC= deer cross-grazing with cattle, DS= deer cross-grazing with sheep, SP=

suppressively treated deer own its own, lw+n°= liveweight at fortnightly week and

tr+n°= treatment at fortnightly week, if tr+n°= 0 not treated and tr+n°=1 treated.

year | place |anim | sex | treat | w0 | trO | Iwl | trl | Iw2 | tr2 | W3 | tr3 | Iw4 | trd | WS | tr5 | Iw6 | tr6 | Iw7 | tr7 | Iw8 | tr8
2012 Inv | 303 | f | DC 447 1 |494| 0 | 50 | 1 |542| 0 562 0 (582 1 59| 0 (6140 | 61 | 1
2012 Inv | 307 | f | DC |436| 1 [485 0 | 51 | O |554| 0 |564| 1 |586, 1 | 61 | 0 |63.4| 0 628 1
2012 Inv | 308 | f | DC |43.6| 1 [479 0 [505] 0 |53.2| 1 |53.6| 1 |57.6) 0 |58.8| 0 |59.8| 1 58.8 1
2012 Inv | 312 | m | DC 443 1 |479| 0 [50.5/ 0 | 56 | 0 |556| 1 |59.8/ 0 608/ 0 | 63 | 0 | 62 | 1
2012 Inv | 339 | f | DC 425 1 |47.1| 0 | 48 | 0 |52.8| 0 |532| 1 |558| 0 |554| 1 |57 |0 56| 1
2012 Inv | 341 | m | DC 488 1 |522/0 |55 0 |59 |1 596/ 1|62 0 628 0 646 0 63.8| 1
2012 Inv | 343 | f | DC [453| 1 |49.2| 0 [51.5] 0 |544| 1 |552| 1 |564| 1 |588| 0 594 1 59.6| 0
2012 Inv | 345 | m | DC 1 [53.6/ 0 [555] 0 [61.2] 0 [60.4| 1 63.6/ 0 [63.6/ 1 [652| 0 [652] 1
2012 Inv | 369 | m | DC | 47 | 1 |525/0 |55 0 [594| 0 |584| 1 (622] 0 |622| 1 (642 0 652| 0
2012 Inv | 420 | m | DC |43.6| 1 |472| 0 |50.5/ 0 |53.8] 1 548 1 |57.8/ 0 592/ 0 [60.2| 1 [59.6| 1
2012 Inv | 421 | m | DC 465 1 | 51 | 0 |525 0 |57 | 0 576/ 1 (608 0 604 1 [61.2| 1 604]| 1
2012 Inv | 426 | f | DC |50.2| 1 |563| 0 [59.5 0 |646| 0 | 65| 1 (672 1 686 0 [70.8/ 0 | 69 | 1
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year | place |anim | sex | treat | IwO | trO | Iwl | trl | 1w2 | tr2 | Iw3 | tr3 | lw4 | trd | Iw5 | tr5 | Iw6 | tr6 | w7 | tr7 | w8 | tr8
2012 Inv | 441 | f | DC |48.6| 1 548/ 0 [56.5| 0 |60.6| 0 [61.2| 1 632 1 634 0 65| 0 64 | 1
2012| Inv | 447 | m | DC |384 1 |415/ 0 | 45| 0 495/ 0 |491| 1 (5340 55| 0 (564 0 524 1
2012 Inv | 454 | f | DC 403 1 |415/ 0 | 44 | 0 (457 0 |46 | 1 (467 1 477 0 (494 0 | 49 | 1
2012 Inv | 464 DC |39.7| 1 |41.7| 0 (455| 0 (493 0 |50.8/ 0 [558| 0 |56.8| 0 | 58 | 1 |582| 0
2012 Inv | 465 | m | DC | 51 | 1 [563 0 |58 | 0 |63.2| 0 [63.6| 1 (688 0 694 0 | 71 | 1 |70.8| 1
2012 Inv | 467 | m  DC |544| 1 (584|062 0 | 68| 0 |68 | 1 |734/0 742 0 |744| 1 |746/| 0
2012 Inv | 478 | m | DC |46.7| 1 |51.7| 0 |51.5) 1 |574| 0 | 59 | 0 |614| 0 [626| 0 |652| 0 62.8| 1
2012 Inv | 324 | f | DD |46.8| 1 [47.3 | 0 |53.6] 0 |54.6| 1 [56.6| 0 |58.8| 0 57.6| 1 [61.2] 0 |59.4| 1
2012 Inv | 325| f | DD |50.1| 1 [53.7, 0 | 60 | O |61.4| 1 [634| 0 (654| 1 662 0 67.8| 0 66.6| 1
2012| Inv | 327 | f | DD |46.3 | 1 |462| 0 |52.6| 0 (562 1 |57 | 1 608/ 0 602 1 (632 0 628 1
2012 Inv | 331 | m | DD | 44 | 1 |465| 0 |534| 0 552 1 |58 | 0 (6160 61 | 1 6520 646 1
2012 Inv | 333 | f | DD |46.8| 1 [47.6) 0 |51.6| O |51.6/ 1 |54 | 0 |57 |0 |5 |1 598 0 [604| 0
2012 Inv | 342 | m | DD |504| 1 534 0 (562 0 |588| 1 [60.4| 0 | 62 | 1 622| 0 (656| 0 |64.6| 1
2012 Inv | 349 | m | DD (49.7| 1 [52.7, 0 |57.4| 0 592 1 |62.8| 0 |[652| 1 [66.6| 0 [69.6/ 0 | 70 | O
2012 Inv | 352 | f | DD |41.9| 1 [43.7 0 (468 0 |487| 1 |[51.2| 0 |524| 1 54 | 0 | 56| 0 546 1
2012 Inv | 359 | f | DD |40.8 1 |425| 0 (472, 0 |49 | 1 |50 | 0 (5320 52| 1 |546 0 |554| 0
2012 Inv | 364 | f | DD |524 1 |552| 0 [594 0 [622| 1 626/ 1 | 67 | 0 652 1 | 69 | 0 692 0
2012 Inv | 424 | m | DD |422| 1 [44.6/ 0 (493 0 |50.6| 1 [52.6| 0 |554| 0 554 1 | 57 |0 |56.8| 1
2012 Inv | 425 | m | DD (457 1 |474 0 (514 0 |524| 1 [542| 0 |564| 0 56.4| 1 58.8| 0 |58.8| 1
2012 Inv | 427 | m | DD |41.7| 1 |44.6| 0 504 0 |50.8| 1 |52.4| 0 |55.6| 0 |[556| 1 |60.6| 0 59.8| 1
2012| Inv | 430 | m | DD [49.2 1 |522| 0 |57.6|/ 0 |60.2| 1 |638| 0 666/ 0 668 0 | 69 | 0 66.6| 1
2012 Inv | 448 | m | DD |483| 1 [484 | 0 |53.6| 0 |534 1 |54.6| 0 |568| 0 |57.2| 0 |57.2| 1 |574| 0
2012, Inv | 449 | m | DD (468 1 | 48 | 0 | 55| 0 556 1 596/ 0 [628| 0 | 63 | 0 632 1 [652| 0O
2012| Inv | 468 | f | DD |[442 1 |463| 0 [53.6| 0 |56.8| 1 |59.8| 0 (624 0 61.6| 1 (654 0 646 1
2012| Inv | 471 | m | DD [39.6 1 |42.1| 0 |455| 0 |452| 1 |478| 0 |50.8| 0 51.6| 0 | 52 |1 |52 |1
2012 Inv | 476 | f | DD |409| 1 [40.9 0 (453 0 |449| 1 [483| 0 | 51 | 0 (49.6| 1 |534| 0 |532] 1
2012 Inv | 305 | m | DS |46.7| 1 |488 0 (514 0 |50.8| 1 |55 | 0 576/ 0 56| 1 58| 0 574 1
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year | place |anim | sex | treat | w0 | trO | Iwl | trl | Iw2 | tr2 | W3 | tr3 | w4 | trd | IwWS | tr5 | Iw6 | tr6 | Iw7 | tr7 | Iw8 | tr8
2012 Inv | 309 | f | DS |44.1 1 | 47 | 0 [52.8]/ 0 |50.8| 1 |53 | 0 |57.8| 0 |574| 1 |56.6]| 1 58.6| 0
2012 Inv | 311 | f | DS 1 /529] 0 |556| 0 |556| 1 |574| 0 |614 0 | 61 | 1 |624| 1 |62.8] 0
2012 Inv | 314 | f | DS |41.9 1 |469| 0 (493 0 [499| 1 |51 | 0 (544 0 |542| 1 |54 |1 55]0
2012 Inv | 319 | m | DS 469 1 |492| 0 |50.8) 0 | 51 | 1 |524| 0 (556, 0 54 | 1 [55.6| 0 |55.6| 1
2012 Inv | 329 | f | DS 483 1 | 51 | 0 [53.6] 0 |544| 1 |548| 1 (566 1 |56 | 1 |572] 1 57.8]| 0
2012 Inv | 337 | f | DS |428| 1| |469| 0 [48.8| 0 485 1 |508| 0 [52.8/ 0 | 53 | 0 |532| 1 542| 0
2012| Inv | 344 | m | DS [528| 1| |[56.6| 0 | 59 | 0 |552| 1 |572| 0 |[61.2] 0 |59.2] 1 |62.6| 0 62.8| 0
2012 Inv | 346 | m | DS 1566/ 0 (5940 |57 |1 5|0 (622 0 |646| 0 [652| 1 [63.8| 1
2012 Inv | 354 | f | DS [39.8) 1 | 42 | 0 [43.1] 0 [39.6| 1 |41 | 0 (443| 0 | 44 | 1 (4510 46| 0
2012 Inv | 360 | m | DS [44.1| 1 [494| 0 | 51 | 0 |50.6| 1 |528| 0 572 0 |56.4| 1 |58.8| 0 60.4| 0
2012 Inv | 361 | m | DS |43.5| 1 |484| 0 [49.7) 0 |465| 1 [46.7| 1 50.6| 0 |51.4| 0 |51.6| 1 [50.8| 1
2012 Inv | 370 | f | DS |46.1 1 |493| 0 [52.2] 0 |458| 1 |485| 0 (512 0 |51.6| O | 52 | 1 |53.6| 0
2012 Inv | 371 | f | DS |444 | 1 |46.6| 0 [49.1| 0 |504| 1 |51.8| 0 |546| 0 |548| 0 |554| 1 56| 0
2012 Inv | 434 | m | DS |45.1) 1 |50.7| 0 [51.6] 1 |51.8| 1 [544| 0 558| 1 [54.6| 1 |56.6| 0 556/ 1
2012 Inv | 450 | m | DS |41.6| 1 |47.7| 0 |46.7) 1 | 50 | 1 |[51.2] O |524| 1 |516| 1 |53 |0 536| 0
2012 Inv | 462 | m | DS 485 1 |535/ 0 | 55| 0 [432 1 0 0

2012 Inv | 463 | m | DS |45.1 1 | 51 | 0 [489| 1 |496| 1 |52 | 0 | 52| 1 528/ 0 |536/ 1 54| 0
2012 Inv | 472 | f | DS |43.7 1 |43.8| 0 (469 0 |459| 1 |483| 0 | 50 | 1 |504| 0 (5141 53| 0
2012 Inv | 321 | m | SP 499 1 |547|1 |57 1 |626| 1 644 1 (688 1 688 1 [72.6/ 1 [70.8| 1
2012 Inv [ 322 | m | SP |434| 1 [499 1 |51.5] 1 |554| 1 |60 | 1 |[642 1 |662| 1 (668 1 68 | 1
2012 Inv | 328 | m | SP | 48 | 1 5551 |57 | 1 |622| 1 [622]| 1 668 1 668 1 688| 1 688 1
2012 Inv | 330 | m | SP 499 1 |56.6| 1 [585 1 |632| 1 64| 1 |688 1 674 1 (6841 | 69 | 1
2012 Inv | 336 | m | SP 473 1 | 53 | 1 |525 1 |578| 1 59| 1 |62 1 624 1 [642| 1 646/ 1
2012 Inv | 356 | f | SP |443| 1 |49.8| 1 |51 | 1 |552| 1 [586| 1 614 1 [61.8] 1 62.8| 1 634 1
2012 Inv | 357 | f | SP | 44 | 1 |472| 1 (495 1 |558| 1 |56 | 1 614 1 |614] 1 624| 1 63.6] 1
2012 Inv | 363 | f | SP 439 1 |514| 1 |51 1 |556 1 568 1 |60 1 588 1 [60.6/ 1 602| 1
2012 Inv | 366 | m | SP |455 1 |527| 1 545 1 |57 | 1 586/ 1 (632 1 628 1 [63.8] 1 652 1
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year | place |anim | sex | treat | IwO | trO | Iwl | trl | 1w2 | tr2 | Iw3 | tr3 | lw4 | trd | Iw5 | tr5 | Iw6 | tr6 | w7 | tr7 | w8 | tr8
2012 Inv | 367 | f | SP (468 1 522 1 |53 | 1 |57.8| 1 |60 | 1 628 1 636/ 1 | 65| 1 652] 1
2012| Inv | 418 | m | SP |458 1 |50.7| 1 |52 | 1 |58 |1 606/ 1 6541 662 1 674 1 674 1
2012| Inv | 443 | f | SP |41.8 1 |473| 1 |495| 1 |538| 1 |554| 1 |586| 1 59| 1 606/ 1 60 | 1
2012 Inv | 453 | m | SP |525] 1 [582/ 1 |60 | 1 | 65| 1 [656| 1 | 68 |1 694/ 1 702 1 688 1
2012 Inv | 459 | f | SP 1 |459| 1 |485| 1 |528| 1 |548| 1 |59 |1 592 1 |614]| 1 [60.6] 1
2012 Inv | 460 | f | SP |424| 1 |484| 1 (505 1 |56 | 1 |566| 1 |61 |1 612 1 |63.8| 1 638 1
2012 Inv [ 466 | f | SP |462| 1 (49.6/ 1 | 51 | 1 |564| 1 |56.6| 1 |59.8| 1 604 1 |622| 1 61.6| 1
2012 Inv | 469 | f | SP |41.7| 1 463 1 (455 1 |493| 1 [522| 1 |56.8| 1 574| 1 [592| 1 60.2| 1
2012 Inv | 473 | m | SP |443| 1 [47.8 1 (495 1 |556| 1 |56 | 1 60| 1 59| 1 598 1 604 1
2012| Inv | 481 | m | SP |57.9 1 |652| 1 |67 | 1 722 1 | 74| 1 |782| 1 788| 1 |82.8| 1 |832| 1
2012 Msy | 9 | m | DC 375 1 |425/0 |46 | 0 502 0 |528| 0 | 56 | 0 565/ 0 | 60 | 0 59 |1
2012 Msy | 14 | m | DC |61.5] 1 | 65 0 |67 | 1 |70.6/ 0 |[73.4| 0 (755|077 | 0 |[785| 0 |77.5| 1
2012 Msy | 23 | f | DC |535] 1 [57.5/ 0 | 58 | 1 |61.5] 0 [62.6| 1 (665 0 645 1 685 0 | 67 | 1
2012 Msy | 25 | f | DC | 55| 1 |62 0|63 |1 |674/ 0704/ 073|072 |1 770|755 1
2012 Msy | 29 | m | DC [525] 1 |55 /0 |59 0 |624/ 0 |63 |1 670 66| 1 68| 0 685 1
2012| Msy | 30 | m | DC |43.5 1 |485| 0 |51.5) 0 |552| 0 |584| 0 |615/ 0 61 | 1 (645 0 645 1
2012 Msy | 31 | £ | DC | 40 | 1 |445| 0 | 47 | 0 |502| 0 |528| 0 555/ 0 56| 0 575/ 0 57 |1
2012 Msy | 32 | f | DC |415] 1 | 46 | 0 (495 0 |53.8/ 0 |57 | 0 585/ 0 60| 0 62| 0601
2012, Msy | 39 | m | DC |495| 1 [555/ 0 |57 | 1 |60.8| 0 [622| 1 | 66| 0 68| 0 69| 0 64| 1
2012 Msy | 47 | f | DC | 55| 1 | 60 | 0 605 1 (662 0 |688] 0 |72 |0 |71 |1 740 74 1
2012 Msy | 51 | m | DC |585 1 |67.5| 0 |67.5| 1 |628| 1 |762| 0 | 69 | 1 785/ 0 (755|179 | 1
2012 Msy | 54 | m | DC |655| 1 | 72 | 0 |735] 1 |774| 0 | 80 | 0 |835| 0 81.5| 1 | 8 | 0 835 1
2012 Msy | 56 | f | DC |595| 1 | 64 | 0 (665 0 |70.6/ 0 |73 | 0 |76 |1 75| 1 79| 0 785 1
2012 Msy | 57 |m | DC | 54 | 1 |60 |0 | 62| 0 654/ 0 684 0 |(71.5/ 0 705/ 1 (745|174 | 1
2012 Msy | 63 | m | DC | 59 | 1 | 65 |0 |675 0 708/ 0 |728| 1 (7550 75| 1 755/ 0 | 78 | 1
2012 Msy | 65 | f | DC |455] 1 |51.5/ 0 |545] 0 |56.8| 0 [582| 1 [60.5| 0 60 | 1 (655 0 |63.5] 1
2012, Msy | 66 | m | DC |41.5| 1 [475 0 | 50 | 0 |53.8| 0 [548| 1 | 58| 0 575/ 1 61 | 0 615 1
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year | place |anim | sex | treat | w0 | trO | Iwl | trl | Iw2 | tr2 | W3 | tr3 | w4 | trd | IwWS | tr5 | Iw6 | tr6 | Iw7 | tr7 | Iw8 | tr8
2012 Msy | 74 | £ | DC | 51 | 1 | 56 | 0 [57.5] 1 |61.6/ 0 632 1 | 67 | 0| 67| 1 705/ 0 70 | 1
2012 Msy | 75 | f | DC |495 1 |55 |0 |57 0|60 |0 628 0 (645 1 64| 1 |68 |0 675] 1
2012 Msy | 84 | m | DC |555| 1 |61.5/ 0 (645 0 | 68 | 0 696 1 | 72 | 0| 73| 0 | 75| 0 735 1
2012/ Msy | 5 |m | DD 415 1 | 46 | 0 [485 0 | 51 | 1 544 0 (545 1 565/ 0 |60 | 0|5 |1
2012 Msy | 10 | f | DD |49 | 1 |53 |0 |55 0|53 |1 58 0575/ 159|058 1611
2012 Msy | 16 | f | DD [395| 1 | 42 | 0 |435] 0 | 45| 0 |454| 1 |465 0 |465/ 1 |50 | 0 48 1
2012 Msy | 21 | f | DD [60.5] 1 |655| 0 (645 1 | 67 | 0 682 1 69| 1|70 069|170 1
2012/ Msy | 22 |m | DD | 64 | 1 |685/0 |71 0|69 |1 73069 1 72| 0 (765 0 |735| 1
2012 Msy | 33 | f | DD |645 1 |695/ 0 |695 1 |71 |1 73| 1|74, 1 760|780 795| 1
2012 Msy | 34 | m | DD [56.5] 1 | 62 | 0 [625]/ 1 |66 | 0| 69| 0 66| 1675/ 0 6950 675 1
2012 Msy | 44 | m | DD [53.5] 1 | 57 | 0 585 1 |61 |0 [624| 1 64064 | 168|068 |1
2012 Msy | 52 | f | DD 535 1 |58 |0 |58 1 |60 |0 62061 1 625 0|67 |0 6551
2012 Msy | 60 | f | DD | 54 | 1 | 58 |0 [575 1 |59 |1 620|601 62| 0 |645 0 635]| 1
2012 Msy | 67 | f | DD | 44 | 1 | 47 |0 |47 |1 |51 |0 |56 1 5 |0/|545/ 1575|057 |1
2012 Msy | 68 | m | DD (435 1 |50 |0 |52 0 |53 |1 5.4/ 0|55 1 585 063 |0/62]1
2012 Msy | 69 | m | DD |635 1 |66 | 0|67 1 |68 | 1 724 0 (695 1 74| 0 (7850 | 77 | 1
2012 Msy | 70 | m | DD | 54 | 1 |56.5| 0 [575] 1 | 60 | 0 [624| 0 | 61 | 1 |64 | 0 | 69| 0| 66 | 1
2012/ Msy | 73 | f | DD |56 | 1 |60 | O |61 1 |64 |0 658/ 1 (675 0 68| 0 |70 |0 |715| 1
2012 Msy | 76 | f | DD |55 | 1 |60 |0 |59 1 |60 |1 628 0 |61 1 620|660 64/ 1
2012 Msy | 77 |m | DD | 54 | 1 |59 | 0 |[585] 1 | 63 | 0 |638| 1 | 66 0 |655 1 |71 |0 705 1
2012 Msy | 78 | m | DD |57.5| 1 |54.5| 0 555 1 | 59 | 0 [598| 1 | 61 | 1 | 63| 0 6450 635] 1
2012 Msy | 80 | m | DD 495 1 |51.5/ 0 |51.5) 1 | 56 | 0 |552| 1 (545 1 575/ 0 | 60 | 0 |595| 1
2012 Msy | 82 | f | DD 495 1 | 52 | 0 535 1 |5 | 0 568 1 (595 0 59| 1 (625 0 60| 1
2012| Msy | 3 f | DS |545| 1 585/ 0 615/ 0 56| 1 |61.8/ 0 62| 1|62 1|68 |1/685 1
2012 Msy | 11 | f | DS 495/ 1 | 51 |0 515 1 | 52| 1 [548| 0 | 57 |0 |57 |1 595|058 |1
2012 Msy | 12 | m | DS |535 1 | 54 | 0 |575 0 | 54 | 1 682/ 0 |60 1 61| 0|66 0/ 64| 1
2012/ Msy | 13 |m | DS |64 | 1 |67 |0 |69 1 |67 |1 700 |70 1 71| 0 |755/ 0 73| 1
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year | place |anim | sex | treat | IwO | trO | Iwl | trl | 1w2 | tr2 | Iw3 | tr3 | lw4 | trd | Iw5 | tr5 | Iw6 | tr6 | w7 | tr7 | w8 | tr8
2012 Msy | 15 | f | DS |40.5| 1 (445 0 (455 1 | 44 | 1 |475| 0 |47 |1 475/ 0 505/ 0 | 50 | 1
2012 Msy | 20 | £ | DS 595 1 | 63 |0 |615 1 | 64 | 0 666 0 655/ 1 665/ 0 | 71 |0 69 | 1
2012 Msy | 24 | m | DS |425 1 | 48 |0 |51 |0 | 48 | 1 |51.6/ 0 535/ 0 535/ 1 5650 575 1
2012 Msy | 26 | m | DS [565] 1 [595/ 0 |60 | 1 | 60 | 1 [632] 0 | 63| 1 635/ 0 67 |0 655 1
2012 Msy | 28 | f | DS | 55| 1 |58 060 0|5 |1 [61.6/0 635/0 63| 166|066 1
2012 Msy | 37 | f | DS | 56 | 1 |59 |0 615 0 |45 | 1 |622] 0 655/ 0 | 65| 1 |68 |0 685 1
2012 Msy | 38 |m | DS |585| 1 | 62 |0 |63 | 1 |64 | 1 |652] 1 |[685/0 |68 | 1 7050 725 1
2012 Msy | 40 |m | DS |49 | 1 525/ 0 |55 0 |538| 1 |54 |1 570 58]0 605/ 0545/ 1
2012 Msy | 42 | f | DS | 51 | 1 |[535 0 (555/ 0 |54 |1 [554| 1 5750 5 |1 60| 060 1
2012| Msy | 45 | m | DS |60.5 1 |63.5/0 |61.5/ 1 |61 | 1 648/ 0 | 65| 1 655/ 0 700 72| 1
2012 Msy | 48 | m | DS | 57 | 1 |60.5/ 0 | 61 | 1 |626| 1 652 0 (665 1 67 | 0 675/ 0 645 1
2012 Msy | 50 | m | DS |545| 1 |59 0 |60 | 1 |588| 1 [60.8] 0 |61.5| 1 605/ 1 65| 0 64 1
2012 Msy | 55 | f | DS |42 | 1 [455 0 |45 | 1 |452| 1 [497/ 0 | 50 | 1 [505| 0 |555]| 0 |525| 1
2012 Msy | 59 | f | DS (445| 1 |49 0 (515] 0 | 48 | 1 [495| 1 495/ 1 49| 1  55]0 565 1
2012/ Msy | 71 | m | DS |41.5] 1 [455 0 | 47 | 0 | 46 | 1 [488| 0 | 51 | 0 505/ 1 | 54| 0 5251
2012 Msy | 81 | m | DS | 43 | 1 |475| 0 |485| 1 |496| 1 |497| 1 |515/ 0 51 | 1 |555| 0 545 1
2012 Msy | 1 f | SP |40 | 1 (435|145 1 |48 | 1 (502 1 |515|1 551 5|1 57 1
2012 Msy | 4 f | SP [595/ 163|164 | 1672 1 |71 1|71 1705/ 1 |71.5/ 1|74 1
2012/ Msy | 6 | m | SP (465 1 | 51 |1 |54 1 |58 |1 588 1 61 |1 63| 1 635 1 645 1
2012 Msy | 7 |m | SP | 59 | 1 (6251 (655 1 |69 |1 |73 | 1 745|176 1 751 79 1
2012 Msy | 18 | m | SP |43 | 1 |46 |1 |48 | 1 |[51.6/ 1 |542| 1 56 |1 57| 1 585 1 621
2012, Msy | 19 | m | SP |535] 1 565/ 1 [575] 1 | 63 | 1 [658| 1 (665 1 685/ 1 695/ 1 |75 1
2012 Msy | 27 | £ | SP 485 1 | 56 | 1 (595 1 |624| 1 [654| 1 (665 1 655/ 1 64| 1651
2012 Msy | 35 | f | SP |425 1 |445| 1 |46.5) 1 (508 1 |514| 1 |53 |1 555/ 155|155 1
2012| Msy | 36 | m | SP |57.5 1 |625| 1 |645 1 (668 1 |69 | 1 |72 |1 7151 731775 1
2012 Msy | 41 | £ | SP |545] 1 | 60 | 1 (595 1 |634| 1 [654| 1 | 67 |1 685/ 1 675/ 1 |71.5] 1
2012 Msy | 43 | £ | SP | 54 | 1 |[585 1 (605 1 |64 | 1 |64 | 1 69| 1 695 1 711751
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year | place |anim | sex | treat | w0 | trO | Iwl | trl | Iw2 | tr2 | W3 | tr3 | w4 | trd | IwWS | tr5 | Iw6 | tr6 | Iw7 | tr7 | Iw8 | tr8
2012 Msy | 46 | m | SP [50.5] 1 | 55 |1 [59 |1 |634| 1 [648| 1 675/ 1 675 1 68| 1721
2012 Msy | 49 | f | SP | 48 | 1 | 46 | 1 0

2012 Msy | 53 | m | SP | 57 | 1 |595| 1 (605 1 |624| 1 [642| 1 66 | 1 |63 |1 65| 1/[705 1
2012 Msy | 61 |m | SP | 65 | 1 |67 |1 |725 1 |77 |1 788/ 1 |795 1 785/ 1 (80.5| 1 | 85 | 1
2012 Msy | 62 | £ | SP |62 | 1 |66 |1 |69 1 |72 |1 746/ 1 |76 1 735/ 1 (7251 |76 | 1
2012 Msy | 64 | m | SP | 48 | 1 |53 | 1|56 1 (592 1 |616] 1 |635 1 |645 1 |64 |1 67 1
2012 Msy | 72 |m | SP | 54 | 1 |60 | 1 |625 1 |66 | 1 |682 1 |685 1| 72| 1 715|175 1
2012 Msy | 83 | f | SP | 46 | 1 |495| 1 |51 | 1 |532| 1 549/ 1 |57 1 555/ 1 (5951 625| 1
2012 Msy | 85 | f | SP |53.5] 1 |585| 1 [60.5 63 | 1 (6720 1 |70 | 1 (695 1 |70 1 |725]| 1
2013 Inv | 239 | m | DC | 60 | 1 |64.5| 0 [62.5] 0 |665| 0 | 67 | 1 695/ 0 |71.5| 0 |73.5| 0 |73.5| 1
2013 Inv | 251 | m | DC | 54 | 1 535/ 0 (535, 0 |53 |1 55| 155|055/ 05 |1 5750
2013 Inv | 262 | m | DC | 54 | 1 |57.5| 0 |585 0 |575/ 1 595/ 1 |61 0 615 0 (625 1 | 61 | 1
2013 Inv | 270 | m | DC 425 1 (4650 | 46 | 0 |49 | 0 51 | 1 |54 0 545 0|57 |0 |555|1
2013| Inv | 281 | m | DC |50.5| 1 |53.5/ 0 [51.5] 0 |[555/ 0 |50 | 155|054 |0 555|0 /5751
2013 Inv | 109 | m | DC 585 1 |625| 0 |61.5 0 |64 | 0 635/ 1 |66 0 66| 0 (675 0 67.5| 1
2013 Inv | 118 /' m | DC | 48 | 1 |53 |0 |52 0|5 |0 521|570, 58|0|57|15]1
2013 Inv | 125 | m | DC 475 1 |51.5/ 0 | 51 | 0 | 54 | 0 525/ 1 |53 |1

2013 Inv | 132 | m | DC (455 1 |48 |0 |47 0 |49 |0 49| 1 50| 1 |48/| 1 /495/0 520
2013 Inv | 145 | m | DC | 52 | 1 |545/0 |53 0 |555/0 54| 1 /59|05 |1 /58]0 5|0
2013| Inv | 149 | m | DC |525| 1 |[545/ 0 | 55| 0 |565| 1 |555| 1 | 58 | 0 |555] 1 |58 |0 575 1
2013| Inv | 170 | m | DC |57.5| 1 | 60 | 0 | 60 | 0 |625| 0 | 63 | 1 |645 0 |645 1 | 65| 1 635 1
2013 Inv | 188 | m | DC | 60 | 1 |625| 0 [60.5] 0 | 64 | 0 (625 1 (655 0 | 66| 0 | 67 |1 70| 0
2013 Inv {202 | m | DC |615/ 1 |65 |0 |63 0|65 1 61| 1|65 065|064 1 6351
2013 Inv | 217 | m | DC | 56 | 1 | 59 | 0 [565] 0 |59 |0 |55 1 60| 0|58 /| 155|051
2013 Inv | 223 | m | DC |555] 1 | 60 | 0 [61.5] 0 |625| 1 |63 | 1 66| 0|67 |0 6751 675 1
2013 Inv | 270 | m | DC 535 1 | 58 | 0 [555 0 |58 | 0 585/ 1 |5 1 5|0 (615 06l |1
2013| Inv | 277 | m | DC |485| 1 |50.5| 0 [50.5] 0 |53.5| 0 |[535| 1 (565 0 |585| 0 |585] 1 59| 0
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year | place |anim | sex | treat | IwO | trO | Iwl | trl | 1w2 | tr2 | Iw3 | tr3 | lw4 | trd | Iw5 | tr5 | Iw6 | tr6 | w7 | tr7 | w8 | tr8
2013 Inv [282 | m | DC |52 |1 |54 052|055 053 1/[55|0/555/0 565 05750
2013 Inv [ 212 | m | DD | 59 | 1 |66 |0 | 64| 0 665/ 1 655/ 1 |67 |1 655/ 0 670651
2013 Inv {230 | m | DD | 57 | 1 |605/0 |59 | 0 595/ 1 |58 |1 |58 |1 58]0 5|0 571
2013 Inv | 242 | m | DD | 51 | 1 555 0 (555 0 |565| 1 |57 | 0 61.5] 0 585/ 1 615/ 0 60 | 1
2013 Inv | 244 | m | DD (495 1 545/ 0 (535 0 | 56 | 0 [555| 1 | 58| 0 555/ 1 595|059 |1
2013 Inv | 245 | m DD | 50 | 1 |555/0 | 55| 0 |565| 1 |565| 1 |[585|0 (565 1 |60 |0 595 1
2013| Inv | 246 | m | DD |53.5 1 |555| 0 535/ 0 (5351 |54 |1 |5 |0 545/ 0 545/ 1 555| 1
2013 Inv | 58 |m | DD | 51 | 1 |58 | 0 (555 0 |57 |1 |585/ 0 58 |1 5705|0581
2013 Inv | 267 | m | DD |40.5| 1 [46.5 0 (455 0 | 45 | 1 [455| 0 485/ 0 465/ 1 149|049 | 1
2013| Inv | 105| m | DD |545 1 |595/0 |58 | 0 |58 | 1 585/ 0 (5951 56| 1|60 0 605 0
2013| Inv | 107 | m | DD |585 1 | 65 |0 |645 0 | 64 | 1 |[635| 1 (645 1 635/ 0 655/ 0 61 | 1
2013 Inv | 111 | m | DD 535 1 | 60 | O [585| 0 [595 1 |60 | 0 635 0 |61.5| 1 | 63 | 0 [63.5| 0
2013 Inv | 122 | m | DD |42 | 1 |47 | 0 |48 | 0 | 48 1 |48 | 0 |485| 1 |505| 0 (475 1 |48 | 0
2013 Inv | 131 | m | DD |525| 1 | 57 | 0 (575 0 | 57 | 1 |58 | 0 |585| 1 555/ 1 585|058 |1
2013 Inv | 136 | m | DD (495| 1 | 53 | 0 (525] 0 | 53 | 1 [525| 1 545/ 0 52| 153|055 1
2013 Inv | 152 | m | DD | 56 | 1 |605/0 |59 | 0 61 | 1605 1 630 61 |1 621 605 1
2013 Inv {234 | m | DD | 48 | 1 |535/0 |53 |0 |52 |1 |55/ 150 52| 1 535 0515 1
2013 Inv | 239 | m | DD |535] 1 [61.5/ 0 | 58 | 0 |60.5| 0 [585| 1 | 60 | 1 585/ 0 | 62| 0 615 1
2013 Inv | 242 | m | DD 565 1 |62 0 |64 0 |63 |1 |[65|067|0 645/ 1 675/ 0665 1
2013 Inv (258 |m DD |43 | 1 | 48 |0 39 1

2013| Inv | 232 | m | DS [40.5 1 |455| 0 [455 0 (465 1 |46 | 1 |47 |1 49| 0 (495 1 | 51| 0
2013 Inv | 248 | m | DS | 51 | 1 |[57.5/ 0 (575 0 | 60 | 0 [595| 1 605 1 62| 0 6251 | 63 | 1
2013 Inv | 254 | m | DS |46.5| 1 |[53.5/ 0 [51.5] 0 |52.5| 1 [525/ 0 (52501 51 | 0 | 53 |0 525 1
2013| Inv | 260 | m | DS 515, 1 |55 |0 |545 0 |57 |0 57|05 |1 5|05 | 1/55 0
2013| Inv [ 272 | m | DS | 55 | 1 |60.5/ 0 [59.5/ 0 625/ 0 | 65| 1 | 64 |1 67| 0 695 0 695 1
2013 Inv | 93 | m | DS |39 | 1 (445 0 |44 | 0 | 45 1 |455/ 0 |455| 1 |46 | 0 (455 1 |46 | 0
2013 Inv | 115 | m | DS |58 | 1 |62 0 |60 0 |62 |1 |63 |0 6351 645/ 0 655/ 1 | 64 | 1
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year | place |anim | sex | treat | w0 | trO | Iwl | trl | Iw2 | tr2 | W3 | tr3 | w4 | trd | IwWS | tr5 | Iw6 | tr6 | Iw7 | tr7 | Iw8 | tr8
2013 Inv | 127 | m | DS | 45 | 1 |495| 0 (475 0 |48 | 1 |48 | 1 505/ 0|52 /| 0 |535/0 55/|0
2013 Inv | 138 | m | DS | 50 | 1 | 54 |0 |545 0 |55 |1 570|575 1 61| 0|63 |0 6251
2013 Inv | 144 | ' m | DS | 42 | 1 | 48 |0 |47 | 0 |48 | 1 |48 | 1 48 |1 49| 0 505| 0 505| 1
2013 Inv | 148 | m | DS 545 1 |605/0 |59 0 |62 0 63| 1 (555 1 575/ 0|60 |0/ 60| 1
2013 Inv | 157 | m | DS | 60 | 1 |66.5| 0 [63.5] 0 |655| 1 [61.5] 1 (635 0 665 0 | 67 | 1 685 0
2013 Inv | 158 | m | DS |585| 1 [61.5) 0 [60.5] 0 [63.5| 0 |635| 0 | 64 | 1 |655] 0 |665| 1 655 1
2013 Inv [ 191 | m | DS | 56 | 1 [61.5/ 0 [60.5] 0 [60.5| 1 [595| 1 |59.5/ 1 |57 |1 |58 |0 58 1
2013 Inv | 206 | m | DS |585| 1 |66.5| 0 [63.5 0 | 65| 1 645/ 1 (625 1 645 0 | 65| 1 635]| 1
2013 Inv | 243 | m | DS |50.5) 1 |555| 0 [545 0 |565/ 1 580 |60 0 62| 0|61 |1/ 611
2013 Inv | 259 | m | DS (485 1 | 54 |0 |54 |0 |5 | 1|55/ 1 5 |1[57|058/|0)58]1
2013 Inv | 280 | m | DS | 47 | 1 | 52 | 0 [50.5] 0 [53.5/ 0 | 53| 1 545/ 0|56 /| 0 565/ 1 575/ 0
2013 Inv | 319 | m | DS 545 1 |595/0 |59 0 |61.5/ 0 58| 1 /605 0 60| 0|61 |1/ 61 |1
2013 Inv | 90 | m | SP 485 1 | 54 |1 |54 1 |58 |1 54|15 1 58| 1](55 1/605|1
2013 Inv | 103 | m | SP | 54 | 1 |585| 1 (575 1 |605| 1 [605| 1 615/ 1 |63 | 1 |63 |1 635 1
2013 Inv | 116 | m | SP |565 1 | 62 | 1 [625 1 |665| 1 67 | 1 (675 1 66| 1|67 |1 675| 1
2013 Inv [ 129 | m | SP 415 1 |46 | 1 |46 | 1 |49 | 1 |475| 1 |49 1|50 | 1 |495| 1 495 1
2013 Inv | 130 | m | SP | 51 | 1 |55 |1 |55 1 |565| 1 [555/ 1 565/ 1|56 |1 5651 575] 1
2013 Inv | 135 | m | SP | 52 | 1 |545| 1 |535 1 |565| 1 56| 1 (565 1 565/ 1 (5751 |575| 1
2013 Inv | 162 | m | SP 515 1 | 56 | 1 [535 1 |575/ 1 56| 1 |58 1 545/ 1 (5751 |585| 1
2013| Inv | 165 | m | SP |575| 1 |63.5/ 1 |645 1 (675 1 |67 | 1 |70 1|685 1 6851 695 1
2013| Inv | 174 | m | SP |425| 1 |46 | 1 |455] 1 |48 | 1 |475| 1 |505 1|50 | 1 |52 |15 1
2013 Inv | 208 | m | SP | 59 | 1 |61.5/ 1 (635 1 |64 | 1 62| 1|65 1 625 1|63 |1 6551
2013 Inv | 216 | m | SP |545 1 |625|1 |62 1 | 65| 1 6351|655 1 61 | 1|63 |1 6151
2013 Inv | 247 | m | SP [53.5] 1 |59 | 1|60 | 1 |[635| 1 |645| 1 665 1 65| 1 67| 1671
2013| Inv | 289 | m | SP [455) 1 |51.5| 1 [51.5) 1 525 1 [545) 1 58 | 1[5 |1 58| 1/[55 1
2013| Inv (294 | m | SP |445| 1 |[505 1 |48 | 1 |525| 1 |50 | 1 |53 1|52 |1 54|15 1
2013 Inv | 297 |m | SP 475 1 |55 |1 |53 1 |555| 1 545/ 1 |57 1 55| 1|5 1571
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year | place |anim | sex | treat | IwO | trO | Iwl | trl | 1w2 | tr2 | Iw3 | tr3 | lw4 | trd | Iw5 | tr5 | Iw6 | tr6 | w7 | tr7 | w8 | tr8
2013, Inv [ 301 |m | SP |50 | 1 |55 1 |55 )1 |58 |1 [555/ 1 57|15 |1 571571
2013| Inv | 324 | m | SP |53.5 1 |57.5|1 |575/ 1 605/ 1 |58 | 1 595/ 1 565/ 1 605/ 1 | 60 | 1
2013 Inv | 271 | m | SP |545 1 |61 |1 (595 1 |64 | 1 |635/ 1 65| 1 65| 1 655 1 66| 1
2013 Inv | 275 | m | SP |475] 1 535/ 1 (535 1 |5 | 1 [565| 1 |58 |1 55| 1 57| 1/|585 1
2013 Msy | 205 | f | DC |56.5| 1 [59.5/ 0 |61.5| 0 [63.5 1 |67 | 0 |69 |1 |73|0 7251|770
2013 Msy | 212 | f | DC |425| 1 |425|0 (445 0 |48 |0 |50 |0 |52 |0 55 0|57 |1/625/0
2013 Msy (218 |m  DC |49 | 1 |53 |0 54 1 |57|1|5 |0 605/ 1 67 0665 17050
2013 Msy [223 | f | DC |59 | 1 |63 065|067 1 |695 07250 |755/0 745 1|79 |0
2013 Msy [ 227 |m | DC | 64 | 1 [665 0 |68 | 1 |675 1 |72 |0 | 74| 1|8 |0 775 1|38 |0
2013| Msy | 233 | f | DC |61.5 1 |645/0 |66 1 705/ 0 | 74| 0 |77 |0 85| 0 |8 |1 8.5 0
2013| Msy | 237 | f | DC | 55 | 1 |575/0 |59 | 1 |625| 1 (645 0 |69 | 0 745/ 0 (775, 0 | 82 | 0
2013 Msy | 242 | m | DC |485| 1 (525, 0 | 54| 0 |575/ 1 |61 | 0 |65|0 |70 | 0 695 1 |735| 0
2013 Msy [ 243 | m | DC | 60 | 1 (655 0 | 68| 0 | 69 1 |725/ 0 |[765| 0 |81.5| 0 [83.5 0 [89.5| 0
2013 Msy [ 245 | m | DC | 63 | 1 |66 | O |685| 0 |71 1 |735/ 0 |77 |0 |8 |1 8 0|8 |0
2013 Msy [ 250 |m | DC | 67 | 1 |70 /O |73 |0 |72 1 |74 |1 |735/ 1|78 |0 8 | 0|38 |0
2013 | Msy | 252 f | DC | 55 1 |56 |0 [595 0 625/ 1 68| 0 |71 |0 735/ 1 |755,0 79| 0
2013 | Msy | 253 | m | DC | 59 | 1 |63.5/ 0 |655 0 |705/ 0 | 76 | 0 (7651 80 | O (8.5 1 | 87 | 0
2013 Msy | 255 | f | DC |46.5| 1 (505, 0 | 51 | 1 |54 1 |575/ 0 |595| 1|63 |0 615 1 [665 0
2013 Msy | 256 | f | DC | 47 | 1 [50.5/ 0 535 0 [555 1 |59 | 0 625 0 |655| 0 | 68 | 0 [70.5| 0
2013 Msy | 260 | m | DC | 59 | 1 (6150 | 63 1 (6651|730 | 75|1 765 1 (8450 (90.5| 0
2013 | Msy | 268 | f | DC | 61 | 1 |66 |0 |665 1 [685/ 1 |69 | 1 (7350 77| 0 |785 1 |835| 0
2013 Msy | 269 | m | DC 535 1 | 57 | 0 |615| 0 |655 1 |70 | O 745/ 0| 79 | 0 (795 1 | 8 | 0O
2013 Msy | 270 | m | DC |585| 1 [63.5/ 0 | 63 | 1 |665 1 [695 0 |74 |0 | 78| 0 795 1 [86.5| 0
2013| Msy | 278 | m | DC [59.5 1 |555/0 |5 | 1 |61.5/ 0 66| 0 |70 |0 75| 0 755 1 |81.5| 0
2013| Msy | 201 | m | DD [585 1 |61.5] 0 [62.5 1 [63.5| 1 (645 1 (6750 71.5| 0 |71.5/ 1 |79.5| 0
2013 Msy | 210 | m | DD | 62 | 1 [61.5/ 0 |63.5| 0 |67.5 1 |725/ 0 | 76 | 0 |825| 0 [825| 1 [87.5| 0
2013 Msy | 215 f | DD | 62 | 1 [625 0 |625| 1 |66 1 |67 | 1 |71.5/ 0 |765| 0 755/ 1|79 | 0
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year | place |anim | sex | treat | w0 | trO | Iwl | trl | Iw2 | tr2 | W3 | tr3 | w4 | trd | IwWS | tr5 | Iw6 | tr6 | Iw7 | tr7 | Iw8 | tr8
2013 | Msy | 216 | f | DD | 48 | 1 |535/0 (5451 |5 |1 56| 1 60| 0625/ 0 65| 0 695 0
2013 | Msy | 220 | f | DD | 55 | 1 | 57 | 0 |565 1 |61.5/ 0 63| 1 68| 0|73/|0 |725/1 775/ 0
2013 Msy | 221 | f | DD | 44 | 1 | 47 | 0 |485 0 |52 |0 |53 |1 5850|630/ 641690
2013| Msy | 228 | m | DD | 57 | 1 |60.5| 0 [61.5] 1 | 65| 1 655/ 1 725/ 0 |755| 0 | 75| 1 845 0
2013 Msy | 229 | m | DD | 46 | 1 |50.5/ 0 [50.5] 1 [545/ 0 55| 1 59 |0|66|0 | 65|173|0
2013 Msy |231 |m | DD |515) 1 |52 |0 |55,0 5 |0 |5 |1]65|01(675 1 70 /|0 7650
2013| Msy | 236 | m | DD [60.5/ 1 |605/ 0 |61 | 1 |65 |1 670 67 |1 |72|0/73|1 7750
2013 Msy | 244 | m | DD 585/ 1 |60 |0 |62 0 |64 | 1 65| 1 68071 |0 7251 7850
2013 Msy | 249 | m | DD | 61 | 1 |64 |0 |63 | 1 |655/ 1 665/ 1 |685 1 745/ 0 (7650 | 79 | 1
2013 Msy | 251 | f | DD | 58 | 1 |61.5/ 0 |61 | 1 |645/ 1 64| 1 675 0695/ 175|075/ 1
2013| Msy | 254 | m | DD [585| 1 |605/ 0 |62 | 1 |645| 1 |64 | 1 68| 0 |71.5]0 735/0 | 74| 1
2013 | Msy | 257 | f | DD | 48 | 1 | 51 | 0 [50.5] 1 |[555| 0 565/ 1 6150|650 66| 1 70| 0
2013 Msy | 258 | m | DD | 64 | 1 |685| 0 [70.5) 0 |725| 1 |[745| 1 | 82 | 0 855/ 0 |8 |1 93| 0
2013| Msy | 264 | m | DD | 66 | 1 |675/0 (695 0 |71 |1 72| 1 77|08 |1 850 8.5 0
2013 Msy | 271 | m | DD | 34 | 1 |365/0 |34 | 1 |35| 1 375/ 0 405 0 445/ 0 (435/ 1 49| 0
2013 Msy | 281 | f | DD | 52 | 1 |505/0 |52 0|57 |05 |0 62|0 645/ 065|170/ 0
2013 | Msy | 202 | f | DS | 51 | 1 |53.5/0 [555/ 0 (595/0 59| 1 63 |0|66|0/,69|072|0
2013| Msy | 203 | m | DS | 50 | 1 |575/0 |58 | 1 |605| 1 635/ 0 68 |0 |715/0 |73 |1 77|0
2013 | Msy | 206 | m | DS | 55 | 1 |685/ 0|67 1 |70 |1 70| 1 |73 ,0 76| 0|76 |1 77.5| 1
2013 Msy (219 | m | DS | 52 | 1 | 54 | 0 |545] 1 |595/ 0 |59 | 1|62 01655 070 |0 705 1
2013| Msy | 224 | m | DS (645 1 |695/0 (685 1 |73 | 1 |74 |1 79|08 |08 |1 /8.1
2013 Msy | 225 | m | DS |71.5, 1 | 77 | 0 |735 1 | 8 | 0 8 | 1 |87 0905 0 (925 1 (90.5| 1
2013| Msy | 226 | m | DS |545 1 |585| 0 [595 1 |635/ 0 645/ 1 |69 0 71 | 1 (765 0|77 |1
2013 Msy | 230 | m | DS | 65| 1 |70 |0 |70 | 1 |745| 1 | 74| 1 785/ 0 |8 | 0 8 |0 8 | 1
2013| Msy | 235 | m | DS [455) 1 | 47 | 0 [475/ 1 | 51 | 0 |[535/ 0 545/ 1 |58 |0 610 65/|0
2013 | Msy | 238 | m | DS |615 1 |64 | 0|63 | 1 |68 |0 665 1 |71 0 75| 0 (7750 785]| 1
2013 | Msy | 239 | m | DS 585 1 | 61 | 0 [615) 1 |[665/ 0 | 67 | 1 74078 | 0 |80.5/ 0 8 |0
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year | place |anim | sex | treat | IwO | trO | Iwl | trl | 1w2 | tr2 | Iw3 | tr3 | lw4 | trd | Iw5 | tr5 | Iw6 | tr6 | w7 | tr7 | w8 | tr8
2013 Msy [ 240 | f | DS | 40 | 1 (445 0 |44 | 1 |475 0 |50 | 0 |[535| 0 |555| 1 |58 0|63 /|0
2013 | Msy | 247 | £ | DS |[575 1 |64 | O |65 |1 |69 |1 |71 |1 740 780 765/ 1 785 1
2013 | Msy | 259 | f | DS | 57 | 1 |585/0 585/ 1 |63 |0 |64 |1 680 70| 1 720 725 1
2013 Msy | 265 | f | DS 555/ 1 | 61 | 0 (605 1 | 66 | 0 |[655| 1 (6950 74| 0 765/ 0 |77.5| 1
2013 Msy | 267 | m | DS |585| 1 |64 0 |67 | 0 | 74| 0| 78| 0 85|00 85/ 1,9 |092]1
2013 Msy | 272 | f | DS |625| 1 (6650 (655 1 |72 | 0 |725| 1 |77 |0 78 | 1 |8l.5| 0 [84.5| 0
2013 Msy (273 | f | DS | 54 | 1 |59 |0 |59 | 1|64 |0 |645/ 1 |66 |1 695 0 7250 735/ 1
2013 Msy | 277 | m | DS | 58 | 1 [62.5/ 0 [61.5] 1 |685| 0 |70 | 1 (745|079 | 0 | 84 | 0 845 1
2013 Msy | 280 | m | DS |545| 1 (595, 0 |60 | 1 | 64 0 |635 1 665/ 0|68 |1 70 0/|74/|0
2013| Msy | 204 | m | SP 605 1 |64 |1 |65 | 1 | 71 | 1 735/ 1 795/ 1 835/ 1 84 |1 895 1
2013 | Msy | 207 | £ | SP |57 | 1 |58 |1 |62 |1 69 |1 |73/|1 7551 795/ 1 815/ 1 835 1
2013 Msy | 208 | m | SP |51.5) 1 535/ 1 |55 1 |585/ 1 (63 |1 66|1 70| 1 705/ 1 751
2013 Msy [ 209 |m | SP |68 | 1 |70 /' 1 |73 [ 1L |79 | 1 |79 | 1 8151 85| 1 8 |1 91 |1
2013 Msy [ 211 |m | SP |59 | 1 |605 1 (615 1 |69 | 1 |73 |1 7651 79| 1 8 |1 8|1
2013 Msy [ 213 |m | SP |59 | 1 |63 1 |65 1 |71 |1 |735/ 1 74|1 791 8|1 81
2013 | Msy | 214 | m | SP |55 1 |68 |1 |705 1 |755/ 1 |79 | 1 |8 |1 85| 1 925/ 1 98 1
2013 | Msy | 222 £ | SP |59 | 1 |605|1 |62 | 1 66| 1 6751 71 |1 74| 1 765 1 791
2013 Msy [ 232 | m | SP | 55| 1 |59 1|60 | 1 |665 1 [685/ 1 | 72|1 775/ 1 741|791
2013 Msy | 246 | f | SP |42 | 1 [435 1 |45 1 |50 |1 |53 |1 551 5|1 61 |1/ 635 1
2013 Msy | 248 |m | SP | 49 | 1 |52 |1 |54 |1 |575/ 1|61l |1 |63 |1]67 |1 66|1 695 1
2013 | Msy | 261 | £ | SP |65 1 |67 1|69 1 | 73 |1 75| 1775/ 1 795/ 1 8 |1 8 |1
2013 Msy | 262 | m | SP | 40 | 1 |[425 1 (445 1 |495| 1 [ 53 | 1 |58 |1 605/ 1 655/ 1701
2013 Msy [ 263 | f | SP |47 | 1 |49 1 (505 1 |54 | 1 [555| 1 5651 605/ 1 62| 1651
2013 | Msy | 266 | f | SP |50 1 |52 |1 |53 |1 |5 |1 |575/ 1 61 |1 6351 671691
2013| Msy | 274 | m | SP | 60 | 1 |64 |1 |675 1 |72 |1 | 74| 1 8 |1 85/ 1 8 |1 8 |1
2013 Msy | 275 | m | SP | 59 | 1 |625 1 |655] 1 |70.5| 1 |[71.5) 1 | 73 |1 735/ 1 | 75| 1 |815] 1
2013 Msy [ 279 | £ | SP |59 | 1 615 1 |64 | 1 |70 | 1 |[715) 1 75| 1 77 |1 7751 |79 | 1
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year | place |anim | sex | treat | w0 | trO | Iwl | trl | Iw2 | tr2 | W3 | tr3 | w4 | trd | IwWS | tr5 | Iw6 | tr6 | Iw7 | tr7 | Iw8 | tr8
2013 | Msy | 282 | f | SP | 50 | 1 |525| 1 (5451 |59 | 1 62| 1 66| 1[695 1 7351 77.5| 1
2013 | Msy | 283 | m | SP | 57 | 1 |61.5/ 1 (635 1 |69 |1 695 1 |72 1 765 1 (785 1 |80 | 1
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6.2. Data- Faecal egg count and larval count Liveweight and

Anthelmintic Treatment

Inv= AgReseach Invermay, Msy= Massey University Palmerston North, anim=
Identification number of the deer, treat= treatment group, DD= deer own its own, DC=
deer cross-grazing with cattle, DS= deer cross-grazing with sheep, SP= suppressively
treated deer own its own, fec+n°= faecal egg count (eggs per gram) at fortnightly week

and flc+n°= faecal larval count (larvae per gram) at fortnightly week.

If in purple [ then the deer had an anthelmintic treatment that day.

year |place |anim |treat |fecO |flcO |fecl |flcl |fec2 |flc2 |fec3 |flc3 |fecd |flc4 |fec5 |flc5 |fec6 |flc6 |fecT |flc7 |fec8 |flc8

2012 |Inv {303 |DC |0 0 (0 |0 150 |0 |0 0 0 0 0O |0 |0 [0 |25 |0 50 |0

2012 |Inv {307 |DC |0 0 (0 (0 |0 0 {200 |0 0 0 O |0 (0 |0 |0 0 100 |2

2012 {Inv (308 |DC |0 0 | . 0 0 [50 |. 0 0 0 (0 |0 0o |0 0 0 0

2012 |Inv [312 |DC |0 0 (0 [0 [350 (1.8 [150 |34 0 0 0O 0 {0 |0 100 |0 825 |0

2012 |Inv {339 |DC |. . . . 150 {0 (50 |0 100 |0 0 [0 |0 [0 |25 |0 125 |0

2012 |Inv [341 |DC |0 0 (0 (0 |0 0 100 |0 0 0 0 0 0 (0 O 0 25 |0

2012 (Inv (343 |DC |0 0o (0 |0 |0 0 |0 1 0 0 0 |0 . . 0 0 0 0

2012 |Inv [345 |DC |0 . 0 [0 |50 [0 |50 |0 75 |0 0 0 0 [0 |O 0 0 0

2012 |Inv {369 |DC |0 0 (0 |0 100 (0 (25 |0 0 0 0 [0 |50 (1 0 0 0 0

2012 |Inv {420 |DC |0 0 (0 |0 . . 100 ({101 |0 0 0 |0 50 (0 |0 0 0 0
2012 |Inv |421 |DC |. . . . . . 50 | 75 |0 0 [0 |0 [0 |25 |0 0 0
2012 |Inv [426 |DC |0 . 0 [0 |50 [0 |75 |28 75 |0 0O |0 (0 |0 . . 50 |0
2012 (Inv 441 |DC |0 0o |0 |0 . . 0 0 25 |0 0O (0 |0 |0 |25 |0 25 |1
2012 (Inv 447 |DC |0 0 |0 . 100 |0.3 |50 |3 0 19 |0 |0 (0 | 50 |0 100 |0
2012 |Inv |454 |DC |. . 0 [0 |250 [11.1|250 |76 0 0 0 |0 |25 [0 |50 O 225 |0

2012 |Inv [464 |DC |0 0O (0 (0 |50 [0 |50 |O 0 0 75 |1 25 |0 |50 (41 |0 0
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year |place [anim |treat [fecO |flcO [fecl |flcl [fec2 |flc2 (fec3 |flc3 |fecd |flc4 |fec5 |flc5 |feco |flc6 |fecT [flc7 |fec8 |[flc8
2012 {Inv |465 |DC |0 0 100 (0 |75 0 [0 |50 [0 [150 |O 25 |0
2012 (Inv  |467 |DC 0 |0 {250 |0 125 |0 0 0 o |0 |0 |0 25 10
2012 |Inv |478 |DC |0 0 50 |0 {200 |0 0 0 25 |0 |0 |0 |0 0 75 |3
2012 {Inv |324 |DD |0 0 [0 |0 450 (89 0 0 50 [0 [0 |9 |0 0 50 |0
2012 (Inv (325 |DD |0 0 |0 0 22.5(25 [183 |0 0 0O (0 (0 |0 |0 1 50 |1
2012 (Inv (327 |DD |0 0 |0 |0 |0 0.1 |75 |41 0 0 0o |0 |25 |2 |0 0 25 |0
2012 {Inv |331 (DD |0 0 (0 |0 175 (172 |25 0 [0 |50 [58 (25 |0 50 |0
2012 {Inv |333 |DD 50 (0 |50 |18.3(325 (374 |0 0 0 |1 0 (43 |0 3 50 |0
2012 |Inv (342 |DD |0 0 |0 0 0 0 [0 |0 [0 [25 |4 25 |9
2012 |Inv |349 |DD 0 |0 0 71 0 0 0 0 20
2012 {Inv |352 |DD |0 0 (0 |0 100 0 0 0O (0 |0 |0 |0 0 0 10
2012 {Inv 359 |DD |0 0 (0 |0 150 (12.8]50 {301 |0 0 0 [0 |25 |140 |. 25 10
2012 {Inv |364 |DD |0 0 (0 |0 150 (0.6 [500 [136 |0 0 0 [0 |25 [0 (25 |0 25 10
2012 {Inv |424 |DD |0 0 (0 |0 [200 150 (50 0 0 0 |0 0 0

2012 {Inv |425 |DD |0 0 (0 |0 (200 [0 |75 |29 0 0 0 |0 25 |0 0

2012 (Inv |427 |DD |0 0 50 0.6 |100 0 0 50 [0 |75 |81 |0 0 0 0
2012 (Inv  |430 |DD |0 0 |0 |0 300 |34 0 0 o |0 |0 |0 |0 92 |75 |96
2012 {Inv |448 |DD |0 0 150 (0.2 [25 |52 0 0
2012 |Inv |449 |DD |0 0 0 0 0 25 (72 |0 0
2012 |Inv |468 |DD 0 |0 150 (0[50 |80 0 0 0 |0 25 [0
2012 |Inv |471 |DD 0 2.4 11050193 |0 0 25 |0 {200 |573 [625 |1077|0 0
2012 |Inv |476 |DD |0 0 150 0.4 0 0 0 [0 |0 [122 |0 0 25 |0
2012 {Inv 305 DS |0 0 50 0 0 25 [0 |0 0 0
2012 {Inv {309 |DS 0 |0 100 (0 |0 0 0 0 0o [0 |0 [I18 |0 0 0 0
2012 {Inv |311 |DS |0 0 (0 |50 |0 |0 0 0 0 0o [0 |0 4 |0 0 0 0
2012 |Inv |314 |DS |0 0 |0 100 (32.5 (0 34 0O [0 |0 |8 (25 |0 0 0
2012 (Inv (319 |DS |0 0 0 113 0 |0 0 0
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treat |fecO |flcO |fecl
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2012
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2012
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328
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2012

Inv

330
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2012
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336
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2012
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2012
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2012
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2012
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2012
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2012
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SP
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fecd |flcd |fec5 |flc5 [fec6 |flc6 [fecT |flc7 |fec8




year |place [anim |treat [fecO |flcO [fecl |flcl [fec2 |flc2 (fec3 |flc3 |fecd |flc4 |fec5 |flc5 |feco |flc6 |fecT [flc7 |fec8 |[flc8
2012 {Inv 459 [SP |0 0 [0 |0 0 |0

2012 (Inv 460 |SP |0 0 0 |0 0 0
2012 |Inv  |466 |SP |0 0 0 |0

2012 {Inv |469 [SP |0 0 0 0 0 |0

2012 {Inv |473 |SP |0 0 0 0 0 |0 0 0
2012 {Inv |481 [SP |0 0 0 |0 0 0
2012 [Msy |9 DC 0 0 0 (50 |0 100 |0 150 (3 [0 |12 |0 0 100 [187
2012 [Msy |14 |DC 0 0 0 |0 0 0 0 200 {3 {350 |9 350 (2072
2012 [Msy |23 |DC 0 0 0 |0 0 0 0 0 |0 |0 0 50 |0
2012 [Msy |25 |DC 0 0 0 0 0 150 [0 0 8
2012 [Msy |29 |DC 0 0 0 150 |18 100 (86 (0 |0 |56 [0 |0 0 50 |0
2012 [Msy |30 [DC 0 0 0 (50 |46 0 29 |200 {90 |50 (11 [0 0 0 0
2012 [Msy |31 |[DC 0 0 0 100 |9 0 10 (50 |65 |0 |43 |50 |27 |200 (238
2012 [Msy |32 |[DC 0 50 |0 |0 14 200 (72 [150 |136 |50 (99 |50 |389 (250 [565
2012 [Msy |39 |DC 0 0 0 0 0 0o [0 |0 |0 1250 (118
2012 [Msy |47 |DC 0 0 0 |0 0 0 0 50 |0 [100 {1 |0 0 50 |0
2012 [Msy |51 |DC 0 0 0 |0 0 50 |0 0O |0 [0 |0 |0 0 0 0
2012 [Msy |54 |DC 0 0 0 |0 0 0 0 0 |8 100 (3 |0 0 0 0
2012 [Msy |56 |DC 0 0 0 |50 [132 {250 |97 |250 (465 (0 |0 |0 0 0 0
2012 [Msy |57 |DC 0 0 50 |38 50 |25 (250 (5 |0 (1L 0 0
2012 [Msy |63 |DC 0 0 0 (200 |32 150 (23 (0 |0 |50 [0 |50 |0 0 0
2012 [Msy |65 |DC 0 0 333 |80 150 (118 (0 |0 [0 (2 |0 0 0 52
2012 [Msy |66 |DC 0 0 0 (200 |4 100 |6 0o [0 |0 |0 |0 0 0 0
2012 [Msy |74 |DC 0 0 0 (50 |0 100 |0 0o [0 |0 [0 |0 0 0 0
2012 [Msy |75 |DC 0 0 0 100 (144|400 [62 [100 |51 |0 [0 |0 0 50 |0
2012 [Msy |84 |DC 0 0 0 |0 30 35 |0 [0 |0 |0 |50 |4 0 113
2012 [Msy |5 DD 0 317 |72 150 [18540|0 0 50 (4 (100 |0 |0 0 0 37
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year |place |anim |treat |fecO |flcO [fecl |flcl [fec2 |flc2 |fec3 |flc3 |[fecd |flc4 |fec5 |flc5 |fec6 |flc6 |fecT [flc7 |fec8 |flc8
2012 |Msy |10 [DD 0 50 [0 |200 {119 |100 |O 0O |0 |0 [0 [800 |O 0 0
2012 [Msy |16 |DD 0 0 3 10 0 100 {13 (0 |0 [0 |83 |0 0 0 0
2012 (Msy |21 |DD 0 0 0 |50 |0 0 0 0O |0 |50 [0 [36 |0 0 0
2012 |Msy |22 DD 0 0 237 |0 0 1|0 200 (32
2012 |Msy |33 |DD 0 250 0 0 0 0 0O (0 |0 |0 0 0
2012 |Msy |34 |DD 0 100 [0 100 [0 300 (144 |50 |0 (87 |0 400 |8
2012 |Msy |44 |DD 0 0 9 |0 0 150 |0 0 (0 |0 |51 (50 |0 200 |0
2012 [Msy |52 |DD 0 0 0 100 |0 337 |5 100 {0 300 |0 0 0
2012 [Msy |60 |DD 0 50 |0 50 |0 0 |0 {950 |0 700 |66
2012 |Msy |67 |DD 0 250 (100 |50 |0 0 1 100 [0 |50 |0 |0 0 0 0
2012 |Msy |68 |DD 0 0 18 (150 [595 |0 0 100 (131 {0 |0 |50 |0 0 86
2012 [Msy |69 |DD 0 50 |0 0 0 0 1[0 100 |0 800 |58
2012 |Msy |70 |DD 0 100 (74 |0 0 300 (6 50 |0 800 (114
2012 |Msy |73 |DD 0 200 (0 |0 0 150 |0 0 (0 |0 |1 550 (102 (O 48
2012 |Msy |76 |DD 0 350 [0 |50 |0 0 0 182 |36 |247 [0 (92 |0 250 (0
2012 (Msy |77 |DD 0 129 [6 [100 |0 0 0 0 |0 |50 |0 [0 0 50 |1
2012 (Msy |78 |DD 0 250 |73 |400 |0 150 |0 0O |0 |0 [0 [850 |0 250 |73
2012 |Msy |80 |[DD 0 0 0 150 (21 {250 |0 [0 |0 138032 (205073
2012 [Msy |82 |DD 0 200 (0 |0 0 50 |0 0 [0 |65 [15 (50 |0 250 3970
2012 [Msy |3 DS 0 0 0 [470 |1960 |0 0 o (0 |0 |0 |0 0 0 0
2012 |Msy |11 DS 0 0 0 0 0 0 (I ]300 |17 |0 0 0 2
2012 (Msy (12 |DS 0 0 0 |1600|6 0 0 0O |0 |0 [0 |0 8 150 [470
2012 |Msy |13 DS 0 0 0 |0 0 0 0 50 (0 0 0 0 10
2012 |Msy |15 |DS 0 600 (1 |0 0 0 0 0O (6 |0 [0 |0 17 |0 420
2012 |Msy |20 |DS 0 0 0 0 10 0 0
2012 [Msy (24 |DS 0 12000  |1500(221 |0 0 50 ({1 |500 |62 |0 0 0 0
2012 |Msy |26 |DS 0 0 |0 0 0 0 0 |0 |0 |0 0 482
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year |place |anim [treat |fecO [flcO |fecl |flel |fec2 |flc2 |fec3 |flc3 |fecd |flcd |[fecS |flc5 [fec6 |flc6 |fec7 |flc7 |fec8 |flc8

2012 |Msy |28 |DS

2012|Msy |37 |DS

2012 [Msy (38 DS

2012 (Msy |40 |DS

2012 [Msy |42 |DS

2012 [Msy (45 |DS

2012 [Msy (48 DS

2012 [Msy |50 |DS

2012 |Msy |55 |DS

2012 [Msy [59 DS

2012 [Msy (71 DS

2012 |Msy |81 DS

2012 [Msy |1 |SP

2012 |Msy |4 SP

2012 |Msy |6 SP

2012 [Msy |7 |SP

2012 [Msy (18 [SP

2012 |[Msy |19 |SP

2012 |Msy (27 |SP

2012 |Msy |35 |SP

2012 |Msy |36 |SP

2012 [Msy |41 |SP

2012 [Msy |43 |SP

2012 [Msy (46 |SP

2012 [Msy (49 |SP

2012 |[Msy |53 |SP

2012 [Msy (61 [SP
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year |place |anim |treat |fecO |flcO [fecl |flcl [fec2 |flc2 |fec3 |flc3 |[fecd |flc4 |fec5 |flc5 |fec6 |flc6 |fecT [flc7 |fec8 |flc8
2012 |Msy |62 [SP 0 [0 |0 0 |0 0 0 0 0 |0 0 |0 0 0 0
2012 [Msy |64 |SP 0 (0 |0 0 0 0 o (0 |0 |0 |0 0 0 0
2012 [Msy |72 |SP 0 (0 |0 0 |150 |0 0 0 o (0 |0 |0 |0 0 0 0
2012 |Msy |83 [SP 0 [0 |0 0 |0 0 0 0 0O |0 |0 [0 |0 0 0 0
2012 |Msy |85 |[SP 0 [0 |0 0 0 0 o (0 |0 |0 |0 0 0 0
2013 |Inv |239 [DC |0 56 0 0 1[50 |20 0 156 (0 |0 |0 [0 [50 |O 0 0
2013 |Inv |251 [DC 0 [0 |0 7 (350 (138 |0 0 100 [0 [150 |0 0 0
2013 (Inv [262 |DC |0 32 173 (101 |0 0 0 (0 |0 |0 |0 0 0 0
2013 |Inv |270 (DC |100 |16 50 [0 |50 |7 300 196 (0 |0 |0 [0 [0 0 0 1
2013 |Inv |281 [DC |0 20 50 |0 |50 {780 |1300(360 |0 [0 |0 |0 |50 |0 300 |1
2013 |Inv |109 [DC 0 |0 0 (0 |0 |0 [100 |0 100 |0
2013 |Inv |118 (DC |100 |80 [0 [0 |50 |5 [400 |450 |850 (808 |0 [0 |0 |0 [50 |[O 0 0
2013 {Inv |125 |DC |50 |20 |0 |0 250 ({196 [0 |0

2013 |Inv |132 [DC |150 |23 0 1 10 79 300 (32 (0 |0 (0 |0 |O 0 0 0
2013 |Inv |145 [DC |150 |44 0 22 50 (0 |0 |0 |0 0 0 0
2013 (Inv [149 |DC 50 |0 0 (0 |0 |0 |0 0 0 0
2013 (Inv (170 |DC [50 (153 |0 |0 |0 0 |50 |32 150 (44 (0 |0 [0 |0 |0 0 0 0
2013 |Inv |188 [DC |50 |121 0 0 [305 |612 |600 |6200/0 [0 |0 |0 [50 |O 0 0
2013 {Inv |202 (DC {100 [199 [0 [0 |0 0 |50 |88 0 0 0 (0 |100 |0 O 0 0 0
2013 {Inv (217 |DC [100 |75 |0 |0 100 |36 200 |24 (0 |0 |50 [0 [0 0 0 0
2013 |Inv |223 [DC |450 |314 |. 450 |41 0 0 0 (0 |0 |0 |0 0 0 0
2013 |Inv |270 [DC |300 |245 0 0 3 100 [0 0O |0 |0 [0 |0 0 50 |0
2013 |Inv |277 [DC |350 |682 0 1 100 |20 100 (304 (0 |0 [0 |0 |O 0 0 0
2013 |Inv |282 (DC {300 [207 [0 |0 |100 [0 |200 |3 775 (196 [0 |0 |50 [0 |50 |0 0 0
2013 |Inv |212 (DD |350 [133 [0 |0 200 |70 0 0 0 |0 |0 |1 150 |0 0 348
2013 |Inv |230 (DD |450 |63 0 0 |200 |33 0 0 0O |0 |0 [0 [50 |0 0 294
2013 (Inv (242 |DD |0 91 |0 |0 100 |68 0 0 0 (0 |50 |10 |0 0 0 0
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year |place [anim |treat [fecO |flcO [fecl |flcl [fec2 |flc2 (fec3 |flc3 |fecd |flc4 |fec5 |flc5 |feco |flc6 |fecT [flc7 |fec8 |[flc8
2013 [Inv |244 |DD [493 0 (0 |0 3 [200 [251 50 [0 [0 |0 |0 0 0 4
2013 (Inv |245 |DD 150 |l11 0 0 350 |514 |0 0 0O [0 |0 [0 |0 0 50 |0
2013 |Inv |246 |DD |300 |41 50 |0 [350 (61 0 16 (0 |0 |200 (0 [700 [118 |O 0
2013 {Inv |58 |DD [150 |7 |0 [0 |0 0 [100 [168 |0 0 50 (0 |0 0 0 284
2013 {Inv |267 |DD |0 6 200 (120 |0 0 0 |0 |50 |3 0 0
2013 {Inv |105 |DD [150 |31 0 0 [0 251 |0 0 0O [0 |0 |0 |0 0 0 0
2013 {Inv |107 |DD [250 {60 |0 [0 |0 0 [150 (83 0 0 0 [0 [0 [0 [250 |84 |250 (1080
2013 |Inv (111 |DD |150 |40 0 0 0 0 0 [0 [150 [0 (50 |0 0 0
2013 [Inv |122 DD |250 |84 |0 [0 |50 |7 [200 |O 0 0 0O (0 |0 |0 0 0
2013 {Inv |131 (DD [50 {59 |0 [0 |0 2 50 |62 0 0 0O [0 |0 |0 |0 0 0 0
2013 {Inv |136 |DD |0 66 (0 |0 (50 (4 |0 139 |0 0 0o [0 |0 |0 |0 0 0 0
2013 |Inv |152 |DD 0 (0 |50 |0 |0 167 |50 |0 0 |0 |50 |0 |50 O 0 0
2013 (Inv (234 |DD |0 48 300 (101 |50 |0 0O [0 |0 |0 |0 0 50 |0
2013 {Inv |239 |DD [488 0 |0 200 (149 (1194|176 |700 |71 |0 |1 50 |0 0 116
2013 {Inv |242 (DD [100 |199 0 0 [150 |54 0 8 0 [0 |300 |0 0 0
2013 (Inv |258 |DD |200 |458 50 |0 0 0
2013 |Inv |232 |DS |150 |23 [0 |0 0 86 0 16 |0 0 (0 |50 |0 0 0
2013 {Inv |248 |DS 0 1 20 |95 100 |0 0O (0 |0 |0 |0 0 0 0
2013 {Inv |254 DS [50 (11 |0 [0 |0 26 150 (122 |0 0 0O |0 [0 |0 |0 0 0 0
2013 {Inv {260 |DS 50 |11 |50 [105 |150 {172 |50 (0 [0 |0 |50 (O 50 |0
2013 [Inv |272 DS [300 |224 |. 0 3 00 196 100 (96 0 0 0 0
2013 {Inv |93 |DS [100 |0 100 |2 [200 (22 0 0 0O [0 |0 [0 [50 |0 0 0
2013 {Inv |115 DS [50 |7 |0 [0 |50 |0 [100 (138 [0 0 0 |0 0 0
2013 {Inv 127 |DS [50 |60 |0 [0 |50 |50 (250 (303 |0 0 0O [0 |0 [0 [50 |0 0 0
2013 {Inv |138 |DS 0 |0 100 (154 |0 0 50 (1[50 |0 |50 |0 0 1
2013 (Inv |144 |DS |100 |99 50 |2 [250 |56 0 0 0O (0 (0 |0 |0 0 100 (O
2013 [Inv |148 DS |0 347 50 |1470 (100 (O 0O (0 |0 [0 (100 |O 50 |1
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year

place

anim

treat |fecO |flcO |fecl

2013

Inv

157

flc2 |fec3 |flc3  |fecd |flc4 |fec5

flc6 |fec7 |flc7 |fec8

DS

2013

Inv

158

DS

iiilliillliﬁiliiil

2013

Inv

191

DS

2013

Inv

206

DS

2013

Inv

243

DS

2013

Inv

259

DS

2013

Inv

280

DS

2013

Inv

319

DS

2013

Inv

90

SP

2013

Inv

103

SP

2013

Inv

116

SP

2013

Inv

129

SP

2013

Inv

130

2013

Inv

135

2013

Inv

162

2013

Inv

165

2013

Inv

174

2013

Inv

208

2013

Inv

216

2013

Inv

247

2013

Inv

289

2013

Inv

294

2013

Inv

297

2013

Inv

301

2013

Inv

324

2013

Inv

271

2013

Inv

275
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year |place [anim |treat [fecO |flcO [fecl |flcl [fec2 |flc2 (fec3 |flc3 |fecd |flc4 |fec5 |flc5 |feco |flc6 |fecT [flc7 |fec8 |[flc8
2013 [Msy |205 [DC [400 |12 0 0 [0 0 0 0 0O (0 (0 |0 |0 0 0 0
2013 [Msy (212 |DC |400 |68 [0 |0 |0 0 |0 0 150 |0 0 [0 |0 |0 |0 53 |0 0
2013 [Msy (218 |DC |600 |52 (0 |0 |0 0 |0 0 0 0 0O (0 |0 |0 |0 0 0 0
2013 [Msy |223 |DC [250 {127 |0 [0 |0 0 (50 |0 0 0 0 [0 |0 [0 [200 |4 0 0
2013 [Msy |227 |DC 0 (0 |0 0 |0 0 0 0 0O (0 |0 |0 |50 |0 0 0
2013 [Msy |233 |DC (350 {100 |0 |0 0 0 0 0 0 [0 |0 50 |2 0 0
2013 [Msy |237 |DC [449 |72 |0 |0 |50 |0 |0 0 0 0 0 [0 |0 [0 [50 |22 |250 |0
2013 [Msy |242 [DC [500 {37 |0 [0 |0 0 0 0 0 0 [0 |250 [0 [666 (80 |0 0
2013 [Msy |243 [DC [50 (11 |0 |54 |0 0 {100 |O 0 0 0o [0 |0 0 40 |0 6
2013 [Msy |245 |DC [550 (164 |0 [0 |0 0 [0 0 0 0 0 [0 |50 |1 |0 0 0
2013 [Msy |250 [DC [100 (348 |0 [0 |0 0 [0 0 0 0 0 0 0 0 0 0
2013 [Msy |252 [DC [50 (62 |0 [0 |0 0 [0 0 0 0 o |0 |0 |0 |0 0 0 0
2013 [Msy |253 |DC [550 |54 0 0 |0 0 0 0 50 |0 [0 [0 (50 |O 0 0
2013 [Msy |255 |[DC (300 {708 |0 [0 |0 0 |0 0 0 0 0O (0 |0 |0 |0 0 0 0
2013 [Msy |256 |DC [150 {289 |50 [0 |0 0 (50 |0 0 0 0o [0 |0 |0 |0 25 |0 5
2013 [Msy |260 [DC [280 (198 |0 [0 |0 0 |0 0 0 0 0 [0 |50 |0 0 0
2013 [Msy |268 |DC |100 {198 {0 |0 |0 0 |0 0 0 0 0 [0 |0 |0 |0 0 0 0
2013 [Msy |269 [DC [600 |5 |0 [0 |0 0 [0 0 0 0 0 [0 |50 [0 |0 1 0 0
2013 [Msy |270 |DC |0 5 |0 [0 |0 0 |0 0 0 0 0 |0 |0 0 0
2013 [Msy |278 |DC [350 (311 |0 [0 |0 0 |0 31 0 0 0 [0 |0 [0 [150 |48 |0 0
2013 [Msy |201 DD [750 (44 |0 [0 |0 0 |0 0 0 0 0 [0 |0 |45 [150 |82 |50 |0
2013 [Msy (210 (DD (200 (176 |0 |0 0 0 0 0 (95 |0 31 |0 0
2013 [Msy |215 |DD |0 127 {0 |0 |0 0 |0 0 0 0 [0 |0 [20 [50 ([1728]250 |0
2013 [Msy |216 |DD (250 {46 |0 [0 |0 0 |0 0 0 0 0 [0 |0 0 630 (100 [135
2013 [Msy |220 (DD [50 ({163 |0 [0 |0 0 |0 0 0 0 [0 |0 |0 50 |0
2013 (Msy (221 |DD |250 {29 [0 |0 |0 0 |0 0 0 2 (0 [0 |0 (17 |O 32600 0
2013 [Msy |228 DD [100 (115 |0 [0 |0 0 |0 0 0 0 0 [0 |50 [55 [50 {107 [100 |0
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year |place |anim |treat |fecO |flcO [fecl |flcl [fec2 |flc2 |fec3 |flc3 |[fecd |flc4 |fec5 |flc5 |fec6 |flc6 |fecT [flc7 |fec8 |flc8
2013 |Msy |229 (DD |100 |226 ([0 [0 |0 0 |0 0 0 0 0 |0 0 424 10 0
2013 |Msy |231 (DD |450 |274 [0 [0 |0 0 1|0 0 50 |0 0 (0 |18 |0 0 50 |3
2013 (Msy (236 DD (636 (89 [0 |0 |0 0 |0 0 0 0 0 (19 |0 |0 |100 |1 50 |0
2013 |Msy |244 (DD |0 68 (0 |0 |0 0 1|0 0 0 0 0 (0 |0 |0 |0 228 |0 0
2013 |Msy |249 (DD |400 |12 [0 [0 |0 0 |0 0 0 0 0O (0 |0 |0 |0 0 0 4
2013 (Msy (251 (DD (100 (22 |0 |0 |0 0 |0 0 0 0 50 |19 |0 0 0 1
2013 |Msy |254 (DD |606 381 [0 [0 |0 0 |0 0 0 0 0 [0 |50 |180 [400 [2845|100 |1075
2013 |Msy |257 (DD |50 |46 (0 [0 |0 0 0 0 0 0 [0 |103 |113 [100 (950 |O 0
2013 |Msy |258 (DD |0 32 (0 |0 |0 0 1|0 0 0 0 0 (0 |0 |0 100 |0
2013 |Msy |264 |DD 0 [0 |0 0 1|0 0 0 0 0 (0 |50 |10 |0 3 50 |1
2013 |Msy |271 (DD |650 |7 [0 [0 |0 0 |0 0 0 0 100 [0 |50 |213 (216 (833 |50 |0
2013 |Msy |281 (DD |50 227 [0 |0 |0 0 1|0 0 0 115 0 21
2013 |Msy |202 DS |0 48 |0 |0 |0 0 [100 |0 50 |0 0O 0 {0 [0 |0 0 0 0
2013 |Msy |203 (DS |400 |68 0 0 |0 0 0 0 0 (0 |50 |0 [500 |O 0 0
2013 |Msy |206 [DS |53 |26 [0 [0 |0 0 |0 0 0 0 0 [0 |0 0 0 0
2013 |Msy |219 (DS |400 |28 (0 [0 |0 0 |0 0 0 0 0 (0 |0 |0 |50 |0 50 |0
2013 (Msy (224 DS (50 (338 |0 |0 |0 0 0 0 0 0 (0 |0 |0 |0 0 0 0
2013 |Msy |225 DS |150 [149 [0 [0 |0 0 |0 0 0 (0 |0 |0 |0 0 0 0
2013 |Msy |226 (DS [196 |35 [0 [0 |0 0 0 0 0 0 0 |0 0 0
2013 (Msy (230 |DS |100 |227 0 0 |0 0 0 0 0 0 |0 [0 (50 |0 100 |0
2013 |Msy |235 (DS |284 |222 0 0 |0 0 0 0 500 (0 [0 |0 |0 0 0 0
2013 |Msy |238 (DS |400 |62 [0 [0 |0 0 |0 0 0 0 0 (0 |0 |0 102 |0 0 0
2013 |Msy |239 (DS |256 |103 0 0 |0 0 0 0 0 |0 0 0 0 0
2013 |Msy |240 DS |450 |63 0 0 |0 0 50 |0 150 [0 |345 |10 |0 0 0 0
2013 |Msy |247 (DS |100 [124 [0 [0 |0 0 |0 0 0 0 0 (0 |0 |0 |0 0 0 0
2013 |Msy |259 (DS |200 |153 0 0 |0 0 0 0 0O 0 {0 |0 [0 0 0 0
2013 |Msy |265 (DS |850 |64 [0 [0 |0 0 |0 0 0 0 0 0 (0 |0 (50 |0 50 |0
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year

place

anim

treat [fecO |flcO |fecl |flcl |fec2 |flc2 [fec3 [flc3 |fecd |flc4 |fecS |flc5 |fec6 |flco |fecT

flc7 |fec8 |flc8

2013

Msy

267

DS

2013

Msy

272

DS

2013

Msy

273

DS

2013

Msy

277

DS

2013

Msy

280

DS

2013

Msy

204

2013

Msy

207

2013

Msy

208

2013

Msy

209

2013

Msy

211

2013

Msy

213

2013

Msy

214

2013

Msy

222

2013

Msy

232

2013

Msy

246

2013

Msy

248

2013

Msy

261

2013

Msy

262

2013

Msy

263

2013

Msy

266

2013

Msy

274

2013

Msy

275

2013

Msy

279

2013

Msy

282

SP

2013

Msy

283

SP

284



6.3. Data-worm burden

Anim= Identification number of the deer , Inv= AgReseach Invermay, Msy= Massey
University Palmerston North, Treat= Treatment group, DD= deer own its own, DC=
deer cross-grazing with cattle, DS= deer cross-grazing with sheep, SP= suppressively
treated deer own its own, Set= set of tracers , if Set=1 first set of tracers euthanized, if
Set= 2 second set of tracers euthanized, Oster= Ostertagia-type nematode, asy=
Spiculopteragia asymmetrica, spi= Spiculopteragia spiculoptera, lep= Ostertagia
leptospicularis, kol= Ostertagia kolchida, trif= Teladorsagia trifurcate, ostg=
Ostertagia ostertagi, circ= Teladorsagia circumcincta, Haem= Haemonchus contortus,
Trich Abo= Trichostrongylus spp. abomasum, axei= Trichostrongylus axei, ask=
Trichostrongylus askivali, Coop= Cooperia spp., Trich SI= Trichostrongylus spp. from

the small intestine, Oven= Oesophagostomum venulosum.

Anim |Place|Treat|Year|Set | Oster | asy | spi | lep | kol | trif |ostg|lyr| circ |Haem ]Z;C: axei |ask|Coop Trsi;:h Oven
315 | Inv | DC |2012| 1 | 480 | 34 0 [411 |34 0|0 (0| O 0 40 . . 0 20 0
353 | Inv | DC [2012] 1 | 540 0 |45 (360 |45 0 | 0 (0|9 | O 20 . . 0 0 0
470 | Inv | DC [2012| 1 [1140| © 0 [ 903|190 O | O |[0O]| 48| O 0 . . 0 60 10
332 | Inv | DD |2012| 1 [2400 | 288 | 192 | 1440 (480 0 | O |O| O 0 20 0 [20] O 0 0
335 | Inv | DD |2012| 1 [ 1520 | 440 | 40 | 840 (200 O | O |O| O 0 20 . .1 20 0 0
340 | Inv | DD |2012| 1 [ 6840 | 1778 | 137 | 3557 (1368 0 | O |0 | O 0 0 . . 0 20 20

334 | Inv | DS |2012| 1 |2880| O 0 [ 1843346 0 | 0 |0|691| O 4480 (4480 0] O 40 | 190

358 | Inv | DS |2012| 1 | 340 0 0 [291]149] 0 |0 (0O O 0 4080 [4080| 0] O 0 10

423 | Inv | DS (2012 1 [ 1080 | O 0 |86 |174] 0 | 0 |0 35 0 3900 3900 0| O 220 | 310

355 | Inv | SP |2012| 1 [ 1900 | 300 | 50 |1350|200| O | O [O| O 0 60 60 | 0] O 0 0

429 | Inv | SP (2012] 1 | 300 0 0 300 0 01010 O 0 260 260 | O O 0 0

442 | Inv | SP [2012| 1 | 620 0 O |455 |41 | 0 | O [0O]124| O 180 180 (O | O 100 0

368 | Inv | DC |2012| 2 [67750(21172| O |45167|1411) O | O [O| O 0 600 0 6001 O 0 70
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Anim|Place|Treat|Year| Set| Oster | asy | spi | lep | kol | trif |ostg|lyr| circ |Haem ]Z;C: axei |ask|Coop Trsi:h Oven
451 | Inv | DC |2012| 2 |41760| 6682 |1670(28397(5011| O | O [O| O 0 0 0 0 30
475 | Inv | DC |2012| 2 |64750{13966|3809(45706({1270| 0 | O [O0| O 0 0 0 0 0
317 | Inv | DD (2012| 2 | 8940 | 3755|179 |4112(8%4| 0 | 0 |0| O 0 60 0 0 0
351 | Inv | DD |2012| 2 |11100| 2394 | 653 | 7182|871 0 | 0 |O| O 0 0 0 0 0
440 | Inv | DD |2012| 2 |22700{ 4006 | 0 [17359({1335| 0 | O [O| O 0 0 0 0 0
347 | Inv | DS (2012 2 [4360| 0 0 |4011(349| 0 | O (O] O 0 1900 [ 1900 0 [ O 0 0
444 | Inv | DS |2012| 2 | 5450| O 0 [3633]681 0 [ 0 [0]1135] O 9550 [9550| 0| O 0 270
479 | Inv | DS |2012| 2 ]20700| O 0 [10350({1656(2484| 0 |0 [6210| O 31950 |31950| 0 | © 260 0
323 | Inv | SP (2012 2 (1220 O 0 | 1109 74| 0 [ O [0O]37] O 20 20 0] O 0 0
350 | Inv | SP |2012| 2 | 1240 | 113 | O | 789 |338| 0 | 0 |O| O 0 0 0 [0] O 0 0
477 | Inv | SP |2012| 2 |2160| 47 | O [1878(235| 0 | O [O| O 0 100 100 0] 0 0 0
106 | Inv | DC |2013| 1 | 1540 | 55 [770| 220 |110| O | O |O|385| O 380 380 |0 0 0 370
1262 Inv | DC |2013| 1 | 1060 | O (249|312 [187| 0 | O |0 |312]| O 220 2200 O 0 30
249 | Inv | DC [2013| 1 [3040| O [1448| 869 [145| 0 [ 0 |0|579| O 620 620 | 0 | 40 | 100 | 550
137.2| Inv | DD [2013| 1 | 1180 | 62 |745| 124 | 0 [ 62 | O [0 |186| O 120 120001 0 0 70
306 | Inv | DD |2013| 1 | 700 | O [467| 117 | 0 | 0 | O |O|117] © 160 160 |0 O 0 80
311 | Inv | DD {2013 1 | 720 | 48 (384|288 | 0 | 0 | O |O| O 0 60 60 | 0] O 0 30
96 | Inv | DS [2013| 1 |2880| O |626| 626 [125|501| O |0 |1002| O 200 200 {0 O 0 100
141 | Inv | DS {2013 1 | 1060 | 62 [499| 312 | 0 | O | O |O|187| O 20 0 20 | 100
325 | Inv | DS |2013| 1 [3140| 0 1358 594 | 0 |594| 0 [0|594] © 380 380 {0 O 0 80
80 | Inv | SP |2013| 1 | 1540 O [963|[ 38 | 0 | O | O |O|193| O 180 180 |0 O 0 110
147 | Inv | SP |2013| 1 | 500 | O (318|182 | 0O | O | O |O| O 0 40 40 |0 O 0 20
166 | Inv | SP {2013 1 ]| 920 | 66 [460| 263 | 66 | 66 | 0 |0| O 0 20 0 0 10
41 | Inv | DC |2013| 2 [ 1680 | 509 [305| 764 | 0 | 51 | 0 |0 51 0 420 350 |70 0 0 0
77 | Inv | DC |2013] 2 | 1260 | 164 |219| 712 |110| O | O [O]| 55| © 120 120 0] 0 0 20
201 | Inv | DC |2013| 2 | 600 | 240 [120| 120 | 40 | 40 | O [0 40 | © 340 340 |0 O 0 0
123 | Inv | DD |2013| 2 | 7260 | 1320 | 660 | 3960 | 132| 0 | 0 |0 (1188 O 360 216 (144 0 0 0
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Anim |Place|Treat|Year|Set | Oster | asy | spi | lep | kol | trif |ostg|lyr| circ |Haem ]Z;C: axei |ask|Coop Trsi;:h Oven
124.2| Inv | DD [2013| 2 [11340| 1512 |1260| 7560 {504 | 0 | O [0 |504| O 1160 | 1160 0 [ O 0 10
161 | Inv | DD |2013| 2 [ 2400 | 877 | 46 [1431| 0 | 0 | O |0O| 46| © 80 80 [0 O 0 0
59 | Inv | DS |2013| 2 |1 2020 | 242 |404| 727 | 81 | 0 | O [0 |566| O 300 300 0] O 0 0
181 | Inv | DS |2013| 2 [ 2000 | 375 [292| 333 | 0 [250| O |0 |750| © 120 120(01] 0 0 20
323.2| Inv | DS [2013| 2 [ 1500 | 395 |474| 395 |79 | 0 | O [0|158| O 240 240 {0 | O 0 0
85 | Inv | SP |2013| 2 | 1120 523 | 149|373 | 75| 0 | O [O| O 0 0 0 0 70
172 | Inv | SP [2013] 2 | 740 | 269 | 67 | 404 | 0 | O | O |O]| O 0 20 0 0 0
244 | Inv | SP |2013| 2 | 1940 | 485 [162 1078 | 54 | 0 | 0 |0 |162| © 100 100 (0] O 60 | 480
111 [Msy | DC |2012| 1 | 160 20 0 0 0 30
115 [Msy | DC |2012| 1 | 140 00 0 20 0 0 20
130 |Msy | DC [2012] 1 | 120 0|0 0 0 0 0 10
116 |Msy | DD [2012| 1 [6580 | 132 [4211/2237| 0 | 0 | 0 |{0O]| O 0 100 100 (0] 0 0 660
121 |Msy | DD |2012| 1 [3780 | 79 |[2048|1654| 0 | 0 | O |O| O | 20 20 0 0 0
124 | Msy | DD (2012| 1 | 5760 | 230 (4147|1267 [115| 0 | 0 |O| O 0 180 60 [120] 0 0 400
114 |Msy | DS [2012] 1 [ 120 | 60 | O | 60 | O | O | O |O] O 0 20 0 0 0
119 |Msy | DS (2012 1 [ 580 | 64 | © 0 0 |64| 0 |0|451]| © 5440 [5440( 0| O 0 110
127 |Msy | DS [2012] 1 | 120 | 120 | © 0 0] 0]01]0]|O 0 7840 7840 0| O 0 80
112 |Msy | SP [2012] 1 0 0 400 400 (0| O 0 0
113 |Msy | SP [2012] 1 | 40 0 1680 | 1680 0 O 40 0
126 [Msy | SP [2012| 1 | 20 0|0 0 4280 |4280( 0 O 0 0
129 |Msy | DC (2012 2 [ 340 | 76 |38 | 227 | 0 | O | O |O] O 0 640 640 | O | O 0 10
133 |Msy | DC (2012 2 [ 440 | O |63 |377]| 0 | O | 0 (O] O 0 420 42010 0 0 0
140 |Msy | DC (2012 2 [ 460 | 92 |184| 184 | 0 | O | O O] O 0 620 620 | 0 | 60 0 0
136 |Msy | DD (2012| 2 | 3820 | 153 |382(3209| 76 | O [ O [O| O 0 40 0 [40] O 0 110
138 |Msy | DD (2012| 2 [ 7840 | 143 [1283|6129|285| 0 | 0 |{0]| O 0 20 0 0 0
139 | Msy | DD (2012| 2 [11560| 680 [1133|8840|907| 0 | 0 0] O 0 220 73 |147] 0 0 0
131 |Msy | DS (2012 2 [ 580 | O (331|249 | 0 | O | O |O] O 0 5560 | 5449 (111 0 0 380
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Anim|Place|Treat|Year| Set| Oster | asy | spi | lep | kol | trif |ostg|lyr| circ |Haem ]Z;C: axei |ask|Coop Trsi:h Oven
135 [Msy| DS |2012| 2| 20 | 20 | O 0 0| 0]0]0]| O 0 3020 (30201 0] O 0 0
137 [Msy| DS |2012{ 2 | 120 | O [60 | 60 | O | O | O |O| O 0 4260 |4175(85( 0 0 0
128 {Msy| SP [2012| 2 [ 480 | 44 | 44 | 262 | 44| O [44|0| 44| O 3800 |[3800| 0 | 320 | 40 0
132 |[Msy| SP {2012{ 2 | 160 | O [53 | 107 | O | O | O |O| O 0 3760 3760 0| O 0 0
24 |Msy | DC [2013| 1 | 60 0 |60 O 0|0 ]0]0] O 0 20 20 {0 O 20 0
34 |Msy | DC |2013] 1 0 0 20 0 0 0
35 |Msy | DC (2013 1 | 80 0 0 0 0| 0| 0 (8]0 0 0 20 60 0
5 |Msy| DD |2013| 1 | 60 0 |60 O 0| 0]0]0]|O 0 0 0 0 30
7 |Msy| DD |2013| 1 | 60 0 0|60 |0 |O0|O0(O0O]O 0 20 0 0 10
20 |Msy | DD [2013| 1 | 40 0 0|20 0|0 20(0] O 0 0 0 20 | 110
16 |Msy | DS [2013] 1 0 80 481 481 (0| O 0 0
33 |Msy| DS (2013 1 [ 500 | 56 | O 0 0| 0| 0|0]|444]| 60 1322 | 1322 0 | 120 | 1320 | 80
39 |Msy | DS [2013] 1 0 0 180 180 |0 O 980 0
3 [Msy| SP (2013 1 | 60 0 |60 O 0Ol 0|00 O 0 20 0 0 0
8 |Msy| SP |2013| 1 0 0 0 0 0 0
12 |Msy | SP [2013] 1 0 0 0 0 0 0
11 |Msy | DC [2013| 2 [ 1540 | 513 | 257 | 257 |257| O [257|0| O 0 60 30 |30] O 0 10
17 |Msy | DC [2013| 2 | 740 | 164 | O | 576 | 0 | O 0 0 | 140 41 20 0 0
19 |Msy | DC (2013 2 [ 360 | 80 | 80 | 200 | O | O 0 0 | 60 40 40 |0 O 0 50
4 |Msy| DD [2013| 2 [ 540 | © 0 | 463 |77 0 |0 (O] O 0 0 0 0 0
13 |Msy | DD [2013| 2 [ 1000 | 500 | 125| 250 | 125| O o 0 0 0 20 0 0
28 |Msy | DD [2013| 2 | 340 | 68 |136| 68 | 68 | 0 0o 0 0 0 0 0 0
1 |[Msy| DS |2013| 2| 140 | O 0 |140 | O [ O [ O [O] O | 60 682 6821 0] 20 | 40 20
23 |Msy | DS [2013| 2 [ 1700 | 514 |553| 593 | 40 | O 0o 0 | 20 400 400 (O O 0 0
37 |Msy| DS [2013| 2 [ © 0 262 262 (0| O 0 0
21 |Msy| SP (2013 2 | 920 | 368 | 92 | 414 | 46 | O 0o 0 0 160 0 0 0
26 |Msy | SP (2013 2 | 780 | 429 | 78 | 273 | 0 | O 0o 0 0 0 0 0 0
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Trich Trich
Anim |Place|Treat|Year|Set | Oster | asy | spi | lep | kol | trif |ostg|lyr| circ |Haem Ab axei |ask|Coop sl Oven
0
38 |Msy| SP |2013] 2 |3220 [ 1115|743 {1300 O | O | O [O]| 62| O 20 20 (0] O 0 0
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Appendix 7 Standard Operating Procedures

7.1 SOP 1 Faecal Egg Count

Purpose
This SOP describes the procedure for performing faecal egg counts on animal faeces in

order to calculate the number of nematode eggs per gram.

Responsibility
This SOP must be followed by all staff in the Parasitology Diagnostic Laboratory,

IVABS.

Materials and Equipment
a) Workbook to record results
b) Scales to weigh faecal material (accuracy + 0.1g)
c) Small sieve (tea strainer)
d) Small round bowl approx. 100ml capacity
e) Teaspoon
f) Pasteur pipette and rubber bulb
g) Saturated NaCl solution
h) Universal bottle (28ml capacity)
1) McMaster Egg counting slide
j) Microscope
k) Slide tray
1) Disposable rubber gloves
m) Paper towels
n) Hydrometer
o) Beaker for salt solution
p) Household salt
q) Mechanical mixer in salt container

Safety
For hygiene reasons always wear disposable gloves and laboratory coat.

Definitions
FEC = Faecal Egg Count; epg = Eggs per gram; NaCI = Sodium chloride (table salt);

s.g. = Specific gravity
Procedure
a) To make a saturated salt solution add salt to the blue plastic container until
quarter full and then fill to near the top with hot water. Turn mixer on full. Test

with a hydrometer the solution reads 1.2.s.g. More salt may be added as
necessary.
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b) Place the required number of sets of utensils on the bench (sets consist of a
bowl, sieve and spoon).

c) Place the bowl, sieve and spoon on the scales and press tare then weigh out 2
grams of faeces.

d) Fill a universal bottle with saturated salt solution and pour it into the sieve.
Work the faeces through the sieve using the teaspoon. Ensure the sieve is in the
liquid whilst stirring. Discard the strainer and rinse any lumps off the spoon.

e) Place the required number of McMaster slides onto a slide tray.

f) Mix the contents of the bowl thoroughly with the teaspoon using a to-and-fro
motion and at the same time remove a sample with a pipette. For diagnostic
purposes the pipette can be rinsed with water between samples and reused.

g) Place the pipette at the opening of a chamber on the McMaster slide and quickly
fill the chamber. Expel the remaining contents of the pipette back into the bowl.

h) Allow the slide to sit for 1-2 minutes to allow the eggs to float to the surface.
This will not be necessary when doing 5-10 samples at one time.

1) Using the 10 X objective with 10 X eyepieces or 4 X objective with 15 X
eyepieces, focus on the gridlines and air bubbles so that the eggs to be counted
are on the same viewing level (never use the 40x objective).

j) Start at one corner of each counting grid and count eggs proceeding up and
down the sections of the grid of both chambers. Count all eggs touching the top
and left lines of each section but not the bottom or right hand lines. Multiply the
total number of eggs by 50 to give the number of eggs per gram of faeces. This
should be entered in the workbook.

k) Thoroughly clean all utensils under running water to remove all traces of faeces
and replace in storage. Discard faecal samples in the bin for hazardous waste
disposal.

1) If the sample weighs less than 2.0g record the weight in the workbook and use
the formula: Eggs x 100 + weight to work out the epg.

Notes
Faecal egg counts are a useful diagnostic tool for ruminants.

The counting system relies on 2g faeces displacing 2ml fluid, which together with 28ml
NaCl totals 30ml. The volume under each set of gridlines is 0.15ml (Icm x lem x
0.15cm) for a total of 0.3ml for a slide. This represents an aliquot of 0.01 of the original
implying a multiplication factor of 100 X. As there were 2g of faeces each egg counted

represents 50eggs/g.

History
The original SOP was written by SM Calder and W.E. Pomroy 25.11.98
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Appendix
Manual of veterinary Parasitological Laboratory Techniques. Ministry of Agriculture.

Fisheries & Food, UK, 1986
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7.2 SOP 2 Strongylid Larval Culture and Identification

Purpose
This SOP details the procedure for preparing larval cultures and identifying infective

larvae from cattle, goat, sheep, horses and deer faeces.

Responsibility
This SOP must be followed by all staff in the Parasitology Diagnostic Laboratory,

IVABS.

Materials and Equipment

A) Larval culture

a)
b)
©)
d)
e)
f)

g)
h)

B)
a)

b)
c)
d)
€)
f)
g)
h)
i)

®)
a)
b)
©)
d)
e)

fine grade vermiculite

SCOop

mortar and pestle or spatula

deionised water

glass jars and lids or plastic trays with glass lids
27°C incubator

rubber gloves

marker pen, label or masking tape, for identification

Baermann's apparatus
Either 25 cm diameter glass funnels with rubber tubing and clamps attached or

plastic bowls (15 cm diameter, 10 cm high with sloping slides)
kitchen sieve approximately 22 cm diameter with an aperture of 2 mm
clamp

stand for glass funnel

culture bottles

10°C incubator

suction pump

measuring cylinder (1L or 2L)

Facial tissue or paper handkerchief.

Identifying Larvae
Slides

Coverslips

aqueous or Lugol's iodine
pipettes

bulb
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f)
g)

Safety

multi-counter
eyepiece with micrometer

For hygiene reasons always wear disposable gloves and laboratory coat. If there is
fungal growth in the cultures it is advisable to wear a protective face mask during

mixing and recovery procedures

Procedure

a)

b)

d)

2

h)

Cleanliness is of utmost importance. Extreme awareness of not contaminating
(introducing any foreign nematodes to the culture ie change gloves with each
new sample).

Vermiculite container: Do not use scoop with dirty hands or gloves. Always
remove gloves when needing more vermiculite in sample being cultured.

For a bulk culture, all the faecal material is mixed with Vermiculite and water
with a spatula or gloved hands depending on which is more convenient, until a
consistency is achieved whereby squeezing the culture results in excess moisture
being expressed. If the faeces are pelletised they can be left to soak in deionised
water until they are soft enough to breakup.

For diagnostic cultures a representative sample of faeces is taken from each
animal in each group and mixed together (the groups being kept separate).

The culture is either placed loosely in glass jars until they are about half full,
with the lid loosely applied, or placed in trays to a depth of about 4cm with a
glass lid placed on top. The jars or trays must clearly show the date the egg
counts were performed, the date the cultures were put up if different from the
previous and identification of the sample.

The cultures are placed in a 25-27°C incubator for 10 days. Deionised water
should be added if the cultures start to dry out. They should be kept moist not
wet.

After 10 days the culture can be transferred to a Baermann's apparatus. A glass
funnel is placed in a stand and a clamp is placed on the rubber tubing. A kitchen
sieve is then lined with a single layer of facial tissue and then the faecal culture
is added to a maximum depth of 3cm. More deionised water is then added to
cover the faeces. Alternatively the sieve can be placed in a plastic bowl with
deionised water instead of the glass funnel.

The culture is left in the Baermann's funnel for at least 6 hours, preferably
overnight. The bottom 100-200ml is tapped off by opening the clamp and
allowing the fluid to be collected in a measuring cylinder or beaker. If a bowl
has been used the contents are gently siphoned off from the top of the solution
until 2-3cm of fluid is left in the bowl. The sieve may be removed once the level
of the solution is below the bottom of the sieve. If the sieve is removed before
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siphoning the bowl must be left to stand for an hour before siphoning as the
sediment will have been disturbed.

1) The solution is then transferred to a 1-2L measuring cylinder, filled up with
deionised water and then left to sediment for 2 hours. The supernatant is then
carefully removed from the top of the solution with a suction pump until 100-
200ml remains. If the fluid is still dirty it should be re-sedimented until the
supernatant is clear. This is most important for the storage of bulk cultures but
not essential for diagnostic cultures.

J) Cultures are stored in plastic tissue culture bottles, on their side at a depth of
approximately 1 cm in a 10°C incubator. The bottles are clearly labelled with the
date and identification.

k) To identify the larvae they are concentrated by standing the culture bottle
upright for half an hour. A subsample is removed from the bottom with a pipette
and placed on a glass slide with a small drop of Lugol’s or aqueous iodine to kill
the larvae. Alternatively the slide can be flamed for approximately 3 seconds as
this relaxes the larvae and causes them to straighten which aids measuring them.
A coverslip is placed on top.

1) The slide is placed under the microscope and examined systematically. A total
of 100 larvae are identified if present. The results are recorded in the workbook.
Identification is made by reference to a standard text such as that mentioned in
the Appendix.

History
This SOP is the original document and was written by SM Calder and W.E.Pomroy

25.11.98.

Appendix
Manual of Veterinary Parasitological Laboratory Techniques reference book 418. Pages

37 & 38.
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7.3 SOP 3 Artificial infection of red deer with infective larvae (L3)

Purpose
The purpose of this SOP is to describe in detail the procedure for infecting deer with

parasitic nematode infective stage larvae. All infections are applied orally.

Safety
Follow the guidelines given by Massey University regarding work clothes and large
animals handling. When handling large animals including deer, make sure not to work
alone. The use of crush, cradle or bale is necessary to restrain the deer for this

procedure.

Materials and Equipment

a) Gloves

b) 2x Beaker (for fieldwork preferable plastic)

c) 4x Syringe (50ml).

d) 10cm rubber tube

e) Water

f) Larvae solution (adjust larvae concentration to 10-40ml solution per animal)

Procedure
a) Fill one beaker with larvae solution and toughly stir back and forth every
time before filling syringe. Fill second beaker with water.
b) Fill syringe with appropriate volume of solution, get rid of any air bubbles
and refill syringe to needed volume if necessary. Fill two syringes with

water.
C) Secure animal head up with the crush and elevate the mouth.
d) Open the deer mouth and insert the tube until de stomach to ensure the

larvae initially entered the rumen.
e) Insert tip of syringe with the larvae into the tube. Empty syringe slowly.
f) Repeat step e) with the two water filled syringe.

History

This SOP is a modified version for deer of the original document that was written
Christian Sauermann (Sauermann 2014)

Tips
Beware — deer are very nervous and quite stressed. Do not get caught/squashed between
the deer head and fixed objects!

296



7.4 SOP 4 Trickle artificial infection of red deer with infective stage

larvae

Purpose
The purpose of this SOP is to describe in detail the procedure of infecting deer with

parasitic nematode infective stage larvae. All infections are applied per os (orally).

Responsibility
This SOP must be followed by all staff.

Safety
Follow the guidelines given by Massey University regarding work cloth and large

animals handling. When handling large animals including deer, make sure not to work
alone. The use of crush, cradle or bale may be necessary to restrain the deer for this
procedure.

Materials and Equipment

a) Gloves

b) Drench gun (20-30ml capacity, new/never been used with drench!!!)
c¢) 5 litre container for drench gun (new/never been used with drench!!!)
d) Sample tubes

e) Larvae in water

Procedure
a) Connect drench gun to container. Make sure the tube connecting the canister
and the drench gun is secured firmly.
b) Gently rock the container whilst filling the drench gun. Make sure the lids
are closed tightly before going to next step.

c) Prime drench gun.
d) Secure animal head with your arm or head bale and elevate the head.
e) Open animal mouth and dose the animal. The tip of the drench gun should be

inserted into the cheek pouch or behind the dorsal prominence of the tongue.
Before releasing animal or if more than one squirt has to be applied make
sure the animal swallows the solution.

f) After dosing each animal gently rock the container to keep larvae from
settling whilst refilling the drench gun.
g) After each pause (e.g. sampling, getting new animals in etc.) the solution has

to be remixed by gently rocking the container. The fluid in the tube to the
drench gun has to be replaced by squirting the drench gun 3-4 (solution can
be put back into container).
h) Periodically take samples of the larvae solution: At specific times while

infecting the animals fill a sample tube with a squirt of the drench gun.
These samples should be analysed in the lab for checking larvae
concentration and viability.

History
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This SOP is a modified version for deer of the original document that was written
Christian Sauermann (Sauermann 2014)

Tips
Beware — deer are very nervous and quite stressed. Do not get caught/squashed between
the deer head and fixed objects!
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7.5 SOP 5 Henriksen’s modified Baermann’s technique for detecting the

presence of lungworm larvae in faeces

Purpose

This SOP describes the procedure for performing the Henriksen’s modified Baerrnann’s

technique for the recovery of Dictyocaulus larvae from ruminant faeces.

Responsibility
This SOP must be followed by all staff in the Parasitology Diagnostic Laboratory,

IVABS.

Materials/Equipment

a) Workbook to record results

b) Scales to weigh faecal material (accuracy + 0.1g)

c) Conical styrene medicine measure of approx. 40ml volume (available
from pharmacy stores)

d) Straightened paperclips or toothpicks

e) Cotton bandage, 10cm wide, cut in 7cm lengths

f) Counting slide

g) Compound microscope

h) Pasteur pipettes and bulb

1) Wash bottle

J)  Spoon, spatula or popsicle stick.

k) Tap water at room temperature

Procedure

Notes

The piece of bandage is placed on the scales and tared.

4.0g is weighed out onto the bandage. The bandage is wrapped around the
faecal sample and then the paper clip is pushed through the gauze.

The sample is suspended by the paper clip over the medicine cylinder and
lukewarm water is added until the sample is covered. Make sure all of the
gauze is inside the cylinder and prevent the water from being siphoned out.
Leave the sample at room temperature overnight to allow the larvae to swim
out of the faeces and fall by gravity to the depression in the bottom of the
cylinder.

After standing overnight the supernatant is carefully removed leaving the
larvae in the 0.5-Iml of water at the bottom of the measure. Larvae can be
counted by transferring the sediment to a McMaster slide and then focussing
on the bottom of each chamber using a 10 X objective. If the sample is too
dirty to count it can either be diluted with tap water or re-suspended and left
to settle for 0.5- 1 hour.

To calculate the number of larvae per gram divide the total count by four.

299



Larvae identification may be necessary to ensure that the larvae seen are lungworm

larvae and not other first stage larvae or free living nematodes.

History

This is the original document written by SM Calder and W.E. Pomroy on 25.11.98.
Appendix

e For pictures of lungworm larvae: Diagnosing Helminthiasis through
coprological examination (Thienpont et al. 1979).
e Parasitology Practical Book I, WE Pomroy & WAG Charleston.
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7.6 SOP 6 Diagnostic gastrointestinal worm counting

Purpose
This SOP details the procedure for the recovery of gastrointestinal nematodes in deer.

Responsibility

This SOP must be followed by all staff in the Parasitology Diagnostic Laboratory,
IVABS

Materials/Equipment

a) string for tying off bowel segments
b) large trays

c) gut scissors

d) 500ml agee jars

e) stirring rod

f) 25ml & 50ml scoops

g) 2 X 10L buckets with 2L & 4L marked on them
h) disposable rubber gloves

1) Workbook to record results

j) multicounter

k) metal probe

1) petri dish with grid marked on it
m) black tray

n) stereomicroscope

0) beakers

p) wash bottle

q) teaspoon

r) 37.5um sieve

s) marker pen, label or masking tape, for identification
t) magnifying lamp

u) water bath

v) 2L beaker

W) pepsin

x) hydrochloric acid

y) tin foil

Safety

Disposable gloves should be worn. A plastic apron maybe worn to guard against

splashes
Procedure

Tie off the abomasum, small and large intestines with double ligatures and then

separate. Remove all fat and connective tissue. If required freeze the individual organs.
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A)
a)
b)

©)

d)
e)

B)

Abomasum

Thawed the abomasum if frozen.

Open longitudinally over a bucket and then thoroughly wash the mucosa into the
bucket with a jet of running water. Ensure no material is left under the folds.

The volume in the bucket should be made up to 2L or 4L and then mixed
thoroughly with a to-and-fro motion with the stirring rod. While thoroughly
stirring back and forth take out 5% aliquot by removing portions with a scoop
(25 ml) and filling a measured container to the required volume. Repeat this step
for a second 5% aliquot. Place one washed sample in a labelled jar in fridge for
counting (can be stored up to a week if kept cool). Preserve second labelled
sample as a reserve with formalin.

Wash and sieve the 5% counting sample using the 37.5um sieve.

The washed abomasum was save for digestion at a later time.

Abomasal Digest.

a) The abomasa are digested to release inhibited larvae.

b) After washing the mucosa the organ is cut into small pieces and placed into a
beaker containing a pepsin solution (600ml H20, 20g Pepsin and 10ml
concentrated HCI). This 1s covered with tin foil and incubated for 2 hours in
a water bath at 37°C.

c) After digestion the mucosa is washed and a 5% aliquot is taken and sieved in
a 38 um sieve.

d) The aliquot are counted.

Small Intestine (S.I)

Thawed the S.I if frozen

Open the SI along its entire length and collect the contents in a I0L bucket. The
mucosal surface is stripped by squeezing and massaging through the fingers
under a gentle flow of water.

With water make up the volume to 4-10L (deer).

Mixed thoroughly with a to-and-fro motion with the stirring rod. While
thoroughly stirring back and forth take out 5% aliquot by removing portions
with a scoop (25 or 50 ml) and filling a measured container to the required
volume. Repeat this step for a second 5% aliquot. Place one washed sample in a
labelled jar in fridge for counting (can be stored up to a week if kept cool).
Preserve second labelled sample as a reserve with formalin.

Wash and sieve the 5% counting sample using the 37.5um sieve.

Large intestine (L.I)

Thawed the L.I if frozen

Open the L.I longitudinally and collect the contents into a bucket. Wash the
mucosa into the same bucket with a gentle stream of water.

With water make up the volume to 4-10L (deer).

Mixed thoroughly with a to-and-fro motion with the stirring rod. While
thoroughly stirring back and forth take out 10% aliquot by removing portions
with a scoop (25 or 50 ml) and filling a measured container to the required
volume. Repeat this step for a second 10% aliquot. Place one washed sample in
a labelled jar in fridge for counting (can be stored up to a week if kept cool).
Preserve second labelled sample as a reserve with formalin.
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Wash and sieve the 10% counting sample using the 37.5um sieve.

Counting and identifying parasites.

The aliquots from the abomasum and S.I are transferred in small portions to the
counting dish generally in teaspoonful amounts depending upon how dirty the
sample is.

The dish is placed on a stereomicroscope and examined systematically under 15-
20 X magnification.

The genus and stage (adult or larvae) are recorded on a multi-counter.

If identification of a nematode is uncertain, the worm will be transferred to a
microscope slide for identification under a compound microscoscope.

Large intestinal contents are transferred in small portions to a black tray and the
contents are examined under a magnifying lamp.

The L.I nematodes are pulled out with a probe and genus and the stage (adult or
larvae) are recorded on a multi-counter.

Species identification

In a microscope slide put drop of lactophenol (lactic acid, phenol crystals and
distilled water) as clearing agent for nematode (Pritchard and Kruse 1982).

On the drop transfer the nematode for identification.

Put a cover slide.

Observed under a compound microscope.

Identification is made by comparison with a standard text (see Appendix).

G) Recording of results.

The number of worms found of each genus in the abomasum (5%), S.I (5%) and L.I

(10%)

are multiplied by 20 or by 10 respectively, to give the total (100%) for each organ.
The results are written in work book.

History

This SOP slighty modified from the original that was written by W. E. Pomroy and SM
Calder, 25.11.98.

Appendix

Manual of Veterinary Parasitological Laboratory Techniques, Ministry of Agriculture,

Fisheries and

Food, UK, 1986.

303



304



7.7 SOP 7 Diagnostic Dictyocaulus spp. worm counting

Purpose
This SOP described the procedure for the recovery of lungworm nematodes in deer

Materials/Equipment

a) Workbook to record results
b) Marker pen, label or masking tape, for identification

c) Disposable rubber gloves

d) Haemostatic forceps

e) Gut scissors

f) Buckets of 20 litres and 10 litres

g) Trays

h) Sieve 37.5um .

1) Pressure gauge

J) String rod

k) 500ml agee jars with name of the deer and the date
1) Small pottles with 70% alcohol for the worms.
m) Labels

n) Large trays

0) 25ml & 50ml scoops

p) Multicounter

q) Metal probe

r) Petri dish with grid marked on it

s) Stereomicroscope

t) Beakers

u) Wash bottle

v) Teaspoon

Safety

Disposable gloves should be worn. A plastic apron maybe worn to guard against

splashes
Procedure

a) Thawed the lungs in a tray, lung should be attached to the heart and trachea

b) Then do an incision with the scissors on the right ventricle close to the
pulmonary artery.

c) Insert the hose into the artery and ligate with a string rod (4 times, to ensure
there is no return).

d) Use a bucket to receive the water, and put the bucket in a big container.

e) To hold the trachea to the bucket (20L) used to two haemostatic forceps. One in
each side to keep it down.

f) Turn on water using a water pressure of 2.11 kg/cm” Ensure to have a
haemostatic near in case there is a hole or fissure in the lung.

305



g)
h)

i)

)

When the first 18 L are collected, turn off the water, and put the second bucket
and collect 12 L. Make sure the buckets are labelled.

In the same way in 2 small buckets of 8 and 7 litres each. Please make sure the
buckets are labelled. In total 45 L are collected.

In addition open the trachea until the bronchi division. It’s easy to split the two
lungs and then follow the bronchial tree with a fine blunt scissors. Once all the
airways are exposed, they can be thoughtfully cleaned.

Then sieve the water obtain in each phase, using a 37.5um size pore, and put the
filtered residual in a labelled jar.

Counting and identifying parasites.

g)
h)
i)
i)
k)

The 100% of the sieve water is put in small portions to the counting petri dish
generally in teaspoonful amounts.

The petri dish is placed on a stereomicroscope and examined systematically
under 15-20 X magnification.

The stage (adult or larvae) is recorded on a multi-counter.

If identification of a nematode is uncertain, the worm will be transferred to a
microscope slide for identification under a compound microscoscope.

The total numbers of Dictyocaulus spp. are written in a work book.
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7.8 SOP 8 PCR identification of parasitic nematode infective larvae

Purpose
This SOP describes the procedure for performing a multiplex PCR assay on infective

larvae for the identification into species level.

Materials and Equipment

a) Workbook to record results
b) Scale.
¢) 0.2ml thin-wall strip tubes
d) 8-strip domed Caps for 0.2 ml tubes.
e) 10ul Pipette Tips
f) 200ul Pipette Tips, Yellow
g) 1250ul Pipette Tips, Blue
h) Protective gear (includes laboratory coat and rubber gloves).
a) Pippetes (Pipetman Classic P10, P20 and P1000)
1) Pipette Eppendorf Multichannel Electronic 0.5ul-10ul
J)  Universal bottles
k) Thermal cycler (Mastercycler, Eppendorf, Hamburg, Germany)
1) Horizontal gel electrophoresis apparatus (including gel tray and combs).
m) Microwave oven and oven gloves.
n) Transilluminator (GelDoc™ XR, BIO-RAD Laboratories).
For lysis:
o) Fine platinum wire or eyelash (larvae picker)
p) Viagen DirectPCR (Tail) (Los Angeles, US) (cat#102-T)
q) Proteinase K recombinant (Roche, Basel, Switzerland)
r) Ultrapure water

For Multiplex PCR:
s) Platinum® Taq DNA Polymerase (Life Technologies, Carlsbad, USA)
(cat#10342020)
t) dNTPs individuals 100mM (4 x 250uL) (Bioline, London, UK)
(cat#BIO-39025)
u) Ultrapure water
v) Primers.

For electrophoresis:
w) Ultrapure Agarose (Invitrogen, Carlsbad, USA) (cat#16500100)
x) SYBR® Safe DNA Gel Stain (Invitrogen, Victoria, Australia)
(cat#S33102)
y) 100 bp DNA ladder (Promega, Annandale, Australia) (cat# G2101)
z) TAE buffer*
aa) Loading buffer.

* TAE Buffer includes Tris base, Acetic acid, 0.5 M EDTA, double-distilled water
and KOH.
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Safety
For all the procedures used laboratory coat and disposable gloves, change gloves

frequently.
Always wear oven gloves when heating the agarose solution.

Procedure

a) For larvae lysate:

a) For the preparation of the lysis solution, mix 1ml Viagen DirectPCR (Tail) (Los
Angeles, USA) with 25ul Proteinase K (recombinant) (Roche, Basel,
Switzerland).

b) Dispense 10ul aliquots of lysis solution into 0.2ml thin-wall strip tubes.

c) Pick an individual randomly-selected larvae from either 70% ETOH or H,O into
the above aliquots using a fine platinum wire or eyelash “larvae picker” making
sure only one larva is in the tube.

d) Incubate tubes in PCR cycler overnight using following lysis programme: 55°C
16 hrs, 90°C 1hr, 4°C Imin.

e) Freeze lysates until required.

PCR assay:
For the preparation of the multiplex mix for 96 larvae, mix:

° 700 pl 1.5 1.5mM MgCI2 Platinum Taq (Life Technologies, Carlsbad, USA)
Master-mix*

°  40ul ITS2GF

°  40ul ITS2GR

30ul spp-specific primer 1

30ul spp-specific primer 2

30ul spp-specific primer 3

30ul spp-specific primer 4

That makes a total of 900 pl.

Select primers to give suitable spread of product sizes. Number of primers included
can vary as long as final volume of the multiplex mix is maintained, this can be
completed by adding the rest of the volume in water to ensure correct component
concentrations.

*1.5mM MgCl2 Platinum Taq (Life Technologies, Carlsbad, USA) Master-mix:
° 515 pul Hy0
° 100 pl 10xBuffer (included the Platinum® Taq DNA Polymerase)
° 30 ul 50mM MgCl, (included the Platinum® Taq DNA Polymerase)
° 50 ul 4mM dntp mix
© 5 ul Platinum Taq (included the Platinum® Taq DNA Polymerase)
That makes a total of 700 pl.

a) Put 9ul aliquots of the multiplex mix into 0.2ml thin-wall strip tubes.
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b)

¢)
d)

Add 1pl of the template (i.e. larval lysate diluted up to 1:2 or 1:3 with sterile
MQ water if necessary).

Spin down and mix briefly before running the reaction in the PCR thermal
cycler.

Start the “Touchdown programme” in the thermal cycler.

Touchdown programme:

° Hot-start (Taq activation) — 95°C 8min

°  Denature — 94°C 10sec

°  Anneal — 60°C 15sec } X 12 (annealing temp reducing 0.5°C/cycle)
°  Extend — 72°C 30sec

°  Denature — 94°C for 10sec
°  Anneal — 54°C for 15sec

°  Extend — 72°C for 30sec
Extra annealing—72°C for 7min
°  Cool — 10°C for Imin

X 25

Visualization:

)
h)

i)
3
k)

Electrophoresis:

Preparation of the 2.0 -3% agarose gel

Weight the ultrapure agarose (4- 6gr).

Insert into a high temperature resistant universal bottle.

To dissolve the agarose into TAE buffer (200 ml) heat in the microwave until
bubbles appear (when hot used the oven gloves to hold).

Add 20ul Sybr safe of 10,000X SYBR Safe stain concentrate to the 200mls of
the agarose gel solution.

Using the oven gloves put the solution on a large gel tray with 4 combs of 26
brackets each.

When the gel is set and cold (30-40 minutes) take the combs out.

Insert the gel tray in the Horizontal gel electrophoresis apparatus (with TAE
buffer).

Mix the PCR template (10 pl) with the loading buffer (2 pl).

Load the mix (template+loading buffer) into the wells (5-8 pul).

Load at least one well in each line with the ladder (5 pl).

Start the electrophoresis (130 volt for 75 min).

After the electrophoresis to visualise PCR products, insert the gel in the
transilluminator and photograph.

*50 X TAE Bufter Preparation protocol (Tris-Acetate-EDTA)

242 gm - Tris base

57.1 mL - Acetic Acid

100mL - 0.5 M EDTA (shake vigorously before use)

Add double-distilled water to 1 L and adjust pH to 8.5 using KOH.

309



History

This SOP is slightly modified version of the original document that was written in the
Hopkirk (AgResearch) by Charlotte Bouchet.
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7.9 SOP

9 Cloning “DNA genetic characterization” of deer parasitic

nematodes

Purpose

This SOP describes the procedure for performing a DNA genetic characterization on

deer parasitic nematodes.

Cloning “DNA genetic characterization” of deer parasitic nematodes

Materials and Equipment.

a)
b)
©)
d)
e)

Workbook to record results

Scale.

0.2ml thin-wall strip tubes

8-strip domed Caps for 0.2 ml tubes.

10ul Pipette Tips

200ul Pipette Tips

1250ul Pipette Tips

Protective gear (includes laboratory coat and rubber gloves).
Pippetes (Pipetman Classic P10, P20 and P1000)

Pipette Eppendorf Multichannel Electronic 0.5ul-10ul.
Universal bottles.

Thermal cycler (Mastercycler, Eppendorf, Hamburg, Germany)

m) Horizontal gel electrophoresis apparatus (including gel tray and combs).

For lysis:

Microwave oven and oven gloves.

Transilluminator (GelDoc™ XR, BIO-RAD Laboratories).
Electroporator.

Nanodrop spectrophotometer

Water bath

Shaking incubator

Viagen DirectPCR (Tail) (Los Angeles, US) (cat#102-T)
Proteinase K recombinant (Roche, Basel, Switzerland)
Ultrapure water

For PCR amplification:
w) Platinum® Taq DNA Polymerase (Life Technologies, Carlsbad, USA)

X)

y)
z)

For Cloning:

(cat#10342020)

dNTPs individuals 100mM (4 x 250uL) (Bioline, London, UK)
(cat#BIO-39025)

Ultrapure water

Primers.

aa) TOPO® TA Cloning® Kit for Sequencing (Invitrogen,

Carlsbad, USA), with One Shot® TOP10 Electrocomp™ E. coli
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(Includes PCR4-TOPO TA vector, electro-competent TOP10 cells, salt
solution, S.0.C. medium)

bb) HPLC water.

cc) Ice

dd) Lysogeny broth media (LB) plates.

ee) Ampicillin.

ff) Qiagen” mini prep.

For electrophoresis:

gg) Ultrapure Agarose (Invitrogen, Carlsbad, USA) (cat#16500100)

hh) SYBR® Safe DNA Gel Stain (Invitrogen, Victoria, Australia)
(cat#S33102)

i1) 100 bp DNA ladder (Promega, Annandale, Australia) (cat# G2101)

j)) TAE buffer*

kk) Loading buffer.

* TAE Buffer includes Tris base, Acetic acid, 0.5 M EDTA, double-distilled
water and KOH.

Safety

For all the procedures used laboratory coat and disposable gloves, change gloves
frequently.
Always wear oven gloves when heating the agarose solution in the microwave.

Procedure
A. For the nematode lysate:

a) For the preparation of the lysis solution, mix 1ml Viagen DirectPCR
(Tail) (Los Angeles, USA) with 30ul Proteinase K (recombinant) (Roche,
Basel, Switzerland).

b) Dispense 30-100 pul (depending on nematode size) aliquots of lysis
solution into 0.2ml thin-wall strip tubes.

c) Pick a nematode from H,O into the above aliquot.

d) Incubate tubes in PCR cycler overnight using following lysis programme:
55°C 16 hrs, 90°C lhr, 4°C Imin.

e) Freeze lysates until required.

The lysate obtain above was diluted 1:50 or 1:100 with sterile distilled water and used
as template in the PCR reaction to amplified the ITS-2 regions of rDNA.

For the amplification

a) The diluted lysate is mixed with the ITS-2 forward and reverse primers (5’
TAGCTTCAGCGATGGATCGGT 3’and 5’CTTTTCCTCCGCTAAATGATATGC 3’
respectively)
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b) In addition mixed 2.5mM MgCIl2 Platinum Taq Master-mix.

¢) Spin down and mix briefly before running the reaction in the PCR thermal
cycler.

d) Start the “programme” in the thermal cycler.

Programme:

°  (1x) 95°C 10min
°  (35x) 94°C 10sec, 55°c 30 s, 72°c 45 s.
°  (1x) 72°C for 10 min

After this process the result was run on agarose gel to check the presence of the
correct product (follow SOP 5 “electrophoresis” and adjust for the size of the gel).

For the cloning

a)

g)
h)
i)
j)

k)

D

For the “ligation reaction” in a 0.2ml tube mix, 1 pl of the pcr product obtain in
the previous amplification, 0.6 ul HPLC water, 0.4 ul diluted salt solution and
0.4 pl of the TOPO vector (Invitrogen,
Carlsbad, USA). Incubate at room temperature for five minutes.

The ligated DNA was transformed by Electroporation into competent cells, for
that. Cool 100ul electroporation cuvettes on ice

Thaw SOC and bring to room temperature.

Thaw electro-competent cells on ice; dilute each tube with 100 -150ul sterile
water depending on how many reactions are needed

Add 45ul diluted electro-competent cells to each ligation reaction and transfer
total volume immediately into an ice cold electroporation cuvette. Place on ice
until electroporation

Set up electroporator — low range 200; high range 500; capacitance 25; voltage
1.5kv

Place cuvette into holder and press both pulse buttons simultaneously until
buzzer sounds

Remove cuvette and quickly add 200ul SOC; mix briefly

Incubate cuvettes at 37°C for ~1hr with occasional mixing

Plate out 50ul of transformed cells onto LB/amp plates and incubate at 37°C
overnight.

For “Re-plating selected colonies” Inspect the tranformant plates the following
morning and transfer 5-10 good colonies from each onto a gridded
LB/ampicillin plate using sterile pipette tips.

Incubate them at 37°C for 8hr or until colonies are well grown.

m) For the “Clone verification” prepare PCR mastermix using components as per

amplification reaction. The colony is mixed with the ITS-2 forward and reverse
primers (5’TAGCTTCAGCGATGGATCGGT 3’and
5’CTTTTCCTCCGCTAAATGATATGC 3’ respectively), mixed with 2.5mM MgCl2
Platinum Taq (Life Technologies, Carlsbad, USA) Master-mix. Use HPLC
water instead of template. Aliquot 10ul to each tube

Add a touch of selected colony with a sterile 10ul pipette tip to transfer the
template and mix by pumping the pipettor a few times.
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0) Spin down and mix briefly before running the reaction in the PCR thermal
cycler
p) Start the “programme” in the thermal cycler

Programme:

°  (1x) 95°C 10min
°  (35x) 94°C 10sec, 55°c 30's, 72°c 45 s.
°  (1x) 72°C for 10 min
e Run PCR as per original reactions and run on gel to check for presence of
correct product.

Plasmid purification.

Finally the Plasmid DNA was cut off using “Qiagen” mini prep.
Plasmid preparation:

e Set up cultures on selected colonies by transferring a small amount of
transformant colony into 5ml LB/Kanamycin (Km) using a 10ul pipettor
(5ml LB broth/5pul Km at 50mg/ml)

e Incubate ~15-16hr at 37°C on rotary mixer

e Prepare plasmid DNA using Qiagen miniprep kit as per manufacturer’s
instructions.

e Estimate DNA concentration using the Nanodrop spectrophotometer.

e For the sequencing send samples to “Massey Genome Service”, Palmerston
North.

History

This SOP it is a slightly modified version of the original document that was written in
the Hopkirk (AgResearch) by Charlotte Bouchet. In addition for most of the cloning
procedure, it was followed the protocol by Invitrogen in the TOPO® TA Cloning® Kit
for Sequencing. For the plasmid preparation, follow the instruction of the Qiagen
miniprep kit.
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To investigate the establishment of sheep gastrointestinal nematodes (GIN) in red deer,
five red deer and five sheep aged 5-6 months were challenged with a mixed burden of
sheep GIN at a rate of 327L3/kg bodyweight. The LSmean (SE) establishment rates (%) for
Haemonchus contortus, Teladorsagia circumcincta, Cooperia curticei, Trichostrongylus spp. and
Oesophagostomum+ Chabertia spp. were 18.6 (0.03), 35.5 (0.04), 30.7 (0.04), 74.9 (0.05),
19.9(0.06), respectively in sheep and 10.5(0.03), 1.0 (0.04), 0.1 (0.04), 1.0 (0.05), 4.8 (0.06)

’]g;i”“;"e’;d:" respectively, in deer. Establishment rates were significantly different (p<0.05) between
Gastrointestinal nematodes hosts for all genera. No Trichostrongylus colubriformis or Trichostrongylus vitrinus were seen
Sheep in any deer but were present in all sheep. Trichostrongylus axei were seen in both hosts but

there were relatively more which established in sheep than in deer (p<0.01). No Chabertia
ovina were seen in any deer but were present in four of five sheep in low numbers. The only
species of Oesophagostomum seen in either host was Oesophagostomum venulosum, These
results suggest that the sheep GIN most likely to infect red deer grazing the same pastures
are H. contortus, T. axei and O. venulosum.

Establishment rate

© 2015 Elsevier B.V. All rights reserved.

larvae on pasture. However, very few studies have inves-
tigated the potential for cross-infection of GIN between

1. Introduction

As in other livestock production systems, parasites are
animportant clinical and economic problem in farmed deer
(Audige et al., 1998; Wilson, 2002). Whilst most focus has
historically been on clinical disease caused by Dictyocaulus
spp., gastrointestinal nematodes (GIN) may also be an issue
for red deer (Audigé et al., 1998; Mason, 1977; Watson and
Charleston, 1985). To help limit parasitism in deer there
has been a move by deer farmers to use integrated man-
agement systems, particularly cross-grazing with other
ruminants to restrict the number of deer-specific parasite
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fax: +64 6 3505636.
E-mail addresses: DanielaTapiaEscarate@gmail.com
(D. Tapia-Escarate), w.pomroy@massey.ac.nz (W.E. Pomroy),
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N.Lopez-Villalobos@massey.ac.nz (N. Lopez-Villalobos).

http://dx.doi.org/10.1016/j.vetpar.2014.12.035
0304-4017 j© 2015 Elsevier B.V. All rights reserved.

deer and other ruminants. It is known that deer can be
infected with some GIN of sheep including Trichostrongylus
axei, Haemonchus contortus, Oesophagostomum venulosum,
Teladorsagia circumcincta, Trichostrongylus vitrinus, Nema-
todirus and Chabertia ovina (McKenna, 2009). However, it is
not clear how readily deer are infected with sheep nema-
todes. The aim of the present study was to determine the
establishment rate of sheep GIN in young deer compared
with sheep of the same age to help understand the poten-
tial risks associated with cross-grazing and susceptibility
of deer to sheep GIN.

2. Materials and methods

Five male red deer calves (Cervus elaphus) and five
Romney-cross ewe lambs (Ovis aries) raised on pasture
which were born mid-November to early December 2011
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